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240. Reclamation Plan (R645-301-200)

R645-30 1 -242: Soil Redistribution

At the time of reclamation, PacifiCorp will reduse the footprint of the Deer Creek mine site

disturbed area by redistributing soil andipoil material to be consistent with the postmining land use

and water drainage system. This will be accomplished by cutting and/or filling the existing mine site

footprint in each olthe three (3) disturbed cinyons; Deer Creek Canyon, Deer Canyon, and Elk

Canyon, These areas will be re-contoured as outlined on Drawings DS-1781-D through DS-l784-D

in Appendix R645-301-500-C.

Deer Creek was developed prior to the Surface Mining Control Reclamation Act and topsoiVsubsoil

material was never pgi*guied or stockpiled during construction activities. The native soils on steep

slopes in the disturbeO ur*a provide very little topioil material. Nowhere in the vicinity of the mine

is there a source of material that would usually be referred to as "topsoil". Since it would be

impractical and very costly to transport other suitable material to the site, the existing fill material

must be examined to determine its suitability for vegetal growth.

The soil material in the existing fills were originally derived from sandstone and shale parent

materials from the terraced area on the south side of Deer Creek Canyon. Soil sampling of this atea

was conducted in 19g9. Eighteen (1 8) samples were taken and analyzed for the parameters described

in *rppetrdix-t Table O 
-of 

tne Guid.elines for Management of Topsoil and Overburden for
Undiiground and Sutrface Coal Mining (Leatherwood, 1988). A sample location map of the terrace

sampling is included in Appendix R645-30f -200-C'

The soil material particles are mostly sand with textures from sandy clay loams to loamy sands. The

water holding capacity is low, typical of sandy soils. They are calcareous soils as indicated in pH's

of 7.5 * g.5 and calcium carUonate equivalents above 8%- Salt content is too low for anyharmful

affects on plants. potassium, phosphate and nitrogen, important plant nutrients' are very low

indicating itr* need for fertilization to insure plant gowth. The organic material throughout the

disturbed area is principally coal debris, the nitrogen percentage is very low. For a more detailed

discussion on soii type, characteristic, and quality, refer to Volume 2, Chapter 2.

Track-hoes, rubber tired backhoes, dozers and front-end loaders will be used to recontour the

disturbed area. Travel over redistributed soil material will be minimized to the extent possible. This

will be accomplished by reclaiming the mine in specific sequences, utilizing existing roads and

travelways to iive haul substitutr roil material. It is important to understand that while reclamation

will be siecifically sequenced, various stages will be occurring simultaneously throughout the site.

During the operation period of the Deer Creek Mine, a soil sampling program will be implemented
I

frfr48-E0l-200:fioills
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The cut and fill calculations in R645-30r-500 assume that suitable soil in substantial quantitvwill

be tocated within lhe co-ryidpr of the ydistu.rbffi;il*;.+:l*::":lTlffiHi-truffi

entation of program) to determine the quality

of subsritute ropsoil availabre for reclamutio'ull i: l* ":11?tl:Tiff[l3lJ--ffifij,Htlof substitute topsorl avarlaole ror rtrurar'(Llr'.'r 'l had been previously stockpiled for
acid-forming.Substitutetopsoilmustbeusedsincenosol
reclamation purposes. euality of the topsoil *ltt u* analyzed to determine ttre suitability o'fthesoil

for revegetatiorsuccess. sampling rocations and procedures are described below in complete detail'

As recontouring of an area is completed and available topsoil is redistributed' it will be fertilized'

mulched, then roughened by oe*p go,rginq (pocking) witir a trackhoe bucket or similar equipment

that produces a depressio' uppio*iirutJrv l .o' oiu. *-i . s ' deep. These depressions will be developed

throughout the ,*rl*i*.d area and wili influence the retention of moisture and greatly reduse

sediment contributions to stream flow'

R645-301-233TopsoilSubstitutesandSupplements

To provide a suitable topsoil material for reclamation purposes, soil will be qualified through an

estabrished sampling progr**. i;;pring will;e ,orrarrried before reclamation activities commence

and taken arong the corridor of the existing undisturbed drainage -culvert 
in the Deer creek canyon

(refer to Table-il Reclamation schedule f* ilpl.mentation"of program)' sample points will be

placed randomly along the corridor and u, tunr. at three foot depth intervals to a point four feet

berow the fi::at grade of the propqse-d.finar,surface configuration. samples will be collectedbya

Energy west stalf membe* i"uiin*d in co[ecting soil samples. If a co-ntractor is used' the person

w'r be rrained and qualified il colrect soil ,-*pl;, In eith3r ,u'*, R645-301-t 3 1 will be followed'

The information required ro, ny n645-301-it0 will be submitted with the technical data

iubsti t0P$0. -lt wl

t/2001
frt4fr-X0l'200: Soils 2-2
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to be inadequate, PacifiCorp commits to establishing u ,t"* soils plan in cooperation with the

Division.

partial sampring of the underground deveropment waste (refuse) pilT located in Deer creek and Elk

canyons *u, prluiously corraoctJleprit ?9OO) " "i:qTltio" 
*ith the slope stability investigation'

Two samples (site #1 and sir* + o, Appendix de+s-soi-zoo-nl were tlkello determine if the retuse

material was acid or toxic rr""i"e? could;i:::""***:lt:-:HtJ*J::*H:,[|;.'ffiXi;
ffilTJlJ ilffiilL"iiT'T;:HH:#;H; th*,u,race in each orthe two samples taken' Heavv

salting of traver areas during the wint*, ,,,orrths is most riterv lrre contributing lactor' Additional

sampring of these refuse piles i, pru**d lo 
ue conducteo i" toniunctionwith the substitute topsoil

marerial sampring and described uetow (refer to Table 3- 1 Reclamation schedule for implementation

of program). The addition sami;-fuyres will be incorporated into Appendix R645-301-200-A as

more information is made *nuiiJt*. specifrc site locations oruoittp'*uio*tly andplanned sampling

and their procedures are outlined below'

sampring was conducted while performing slope stability investigations on the slopes of the

refuse piles. rrri t ot*s were drilied with a rotary rig usingwat* uJth* drilling fluid and a rock

bit with drive casing to advanc* tt e holes tht";gh-th* o*u*,btt'den' sampling was performed

at three- to five-foot intervars in the overbura"r' throughout the depth investigated' Both

disturbed and undisturbed ,u*pr* y*T* obtained during field investigations' Disturbed

samples were obtained by drivinfi u z-i"*1 r^rrit il"n *ffig tube through a distance of 18

inches using a l4g-po,rrro **iehT dropped fbr a di*tance of 30 inches'

undisturbed sampres were obtained by pushing a thin-walled sampling tube into the

subsurface material using the hydrauriq prr** in the drill rig' The location at which the

undisturbed samples were obtained are show" "" 
the boring logs In A'ppendix R645-301-500-

E and on map Iis-r8rp-D i*;;;;rdix R645-30r-200-8. tn" aorument provided in this

fr84fr'fr01-200: Soils
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@ed by RB&G Engineering consultants'

once the sampres were analyzed for stability propertiel]he remnant sample for each site was

sentro rntermountainlaboratoriesJorqualityi"ltftT: !:-":yX::#::;:;t;::il:ffi
XT$rH'#ilJH#:,""ffi 

";t:#:;:;i';^';;'i;;;'li.1ioverburdenrorunderground

and surface coar Mining(Leatherwo-od, rgsti) *rr* analyzed' Results of the analysis can

be reviewed in Appendi* RO+S-301-200-A'

To provide sufficient subsoil material for reclamation purposes, refuse will be qualified

- = '=r-: * ;*ruUf;naa *u*pfing FAbrury. Su*pri,t;Jry te conducted during the 2001

througn
and/or z*'zfield ,*uro' urro trJuk*n-i' the con-fireJ of the refuse piles in the Deer creek

and Elk canyons (refer to Table 3-1 Reclamation srrrroore for implementation of program)'

Sample points will be pfu"O randomly in 4"*. J; and be iaken at three foot depth

intervars to a point f;;; feet below' the final gtuat of the 
^ProFosed 

final surface

configurarion. samples *1i be collecred by Ener;;-*;t1.:l-ff m-embers qualified in

collecting so* samples. If a contracto, is used, the p?son will be trained and qualified to

couect soil sampres, Lr eithe*ur*, 
-ni+i-:01 

,.:.1 *il be followed' The information

required for by R645-301- r 30 will be zubmitted with the technical data and incorporated in

APPendix R645-3 01-200-A'

R645-301-243: soil Nutrients and Ameqdm,ents (Refer to R645-301-300: Biology)

n (Also refer to R645-301-5001 Engineering for slope stability

analysis)

various sized rocks and boulders oitte0 will be randomly placed on slopes of reclaimed areas where

feasible or helpful to control slope slippage and to promote microhabitats' Mid-sized litter material

w'r be placed on the prepared ,iop*, *a rr-r,"d {;irr- t"tr 
"t 

random locations' This process will

provide a natural esthetii uppru.unce as well as slope contarnment'

where it is deemed necessary, especialry ?n 
slopes greater than 20o/o'a soil tackifier (refer to R645-

301_300: Biotogy, seeding Trrhoiques) wif be incorporut.d inio the reclamation process to

stabilize soil material'

Rills and gu*ies, which develop in areas.that have been regaded and 
fo,psoiled 

and which either;

1) disrupts the approveapo*tmining rand,,,*;; the reestuf,rirrr**nt of th* u*gttative cover' or 2)

causes or contributes to the violatioi of *utri q*uritv ,t*o*Jt fo"*'*iving 'ittu*t 
will be filled'

regraded, or otherwise stabilized'

7/200t
fr048-fr01-200:fioils
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Ileer Creek Mine
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Mining and Reclamation Plan

ffiu"d site #6Lab AnalYsis

Topsoil Substifute SamPling

Refuse Pile SamPling
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heet Ereclt llline

T5pe: Substitute toPsoil samPling

Date Performed: Field season 2001/2002

Depth:Four(4)feetbelowfinalreclamationcontour

Location: Accessible sites between 9+00 . 15+00 and 24+00 . 30+00 (refer to DS-1782.D)

person Performing Analysis: Qualified Energy west personnel

parameters Anal yzed:Refer to fip,pamitinrA -$ryW of the Guidelines for Management of

Topsoir and oviiburdrnf* und"rsround.;i'il;i;ce coal Mining (Leatherwood' 1988)'

* Data from anarysis and location of sample points will be placed into this appendix when

available.

fr64fr'fr01'200: Soils
I/200t



ileer Erecfi [tline

Soil Sampting Programt

Type: Substitute subsoil sampling (refuse material)

Date Performed: Field season 200112002

Depth: Four (4) feet below final reclamation contour

Location: Refuse piles in Deer creek and Elk canyons (refer to Ds-1782-D)

person Performing Analysis: Qualified Energy west personnel

Parameters Anal yzed:Refer to *rppanrdix* iffi of the Guidelines for Management of

Topsoir and oveiburdenfo, inairground ,;T"'F;;:i;ce coal Mining (Leatherwood' 1988)'

* Data from analysis and location of sampre points will be placed into this appendix when

available.

nfi4i-fr01'200: Soils



Iteet Creefi Iillne

PACIFICORP

EI{ERGYWEST MIT{III{G

Deer Creek Mine
c/015/01.8

Mining and Reclamation Plan

Appendix R645-30 1 -200-B

Soil Sample Location Map: DS-l810-D

t I/2001
frfr4fr-fr01'200:fioils



Ileer Cree* llline
,,,,'i''-'

PACIFICORP

EI\ERGYWEST MINII\G

Deer Creek Mine
c/0rs/018

Mining and Reclamation Plan

Appendix R645 -30 1 -200-C

Soil Sample furalysis for the Telrace Arpa above Deer Cre-ek Surface Facili,ties

frEftE-801-200:8oits 7/2001
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in which reclamation will be conducted on

will be conducted simultaneously' The

of the canyon to the bottom"

Deer Creek Mine
main emphasis of

ileer Ereefi llline
''----iii'-

340. Reclamation PIan (R645-301-300)

R645-301 -341 I Reveeetation

Table 3-l discloses the timetable

facilities. Much of the operations

reclamation will work from the toP

Table 3-2 establishes a monitoring program that extends through the responsibility period of the

bond.

Table 3-l: Deer grrrk coal Mine Reclamation sc4edule: Initial ReclaPation lolTrrerfalllitiesd

rort *rtitnute will be developed that will an accurate

duration of each Project listed.
r* portals in Deer creek canyon may not be sealed at the same time as the portals outside the Deer creek facility'

This timetable illustrates the order andsequence in which projects will occur'

*r* The sediment pond will be removed ai the completionof all other reclamation activities above pond'

Notice in the table above that backfill and grading activities and seeding activities are occurring

simultaneously. This will occur as work progress*i do*n canyons. Advantageously, seeding will

occur during the fall season. However, if relontouring is completed in the spring of the year on

the upper portions of the disturbed area, seeding wiu-rouo*. Liut tree and shrub plantings will

occur in earlY sPring.

.,i

frfr48-fr0t-fr00'friotogY

@tween the months of June - October.
Soil Sampling (200 | 12002)

Closures - Portals &
Ventilation**

Hauling, Backfilling'
Conpaction & Grading

lnstall RipraP Channels

Seed Bed PreParation

Fertilization & Mulching

Sediment Conuol Stnrcture

Removal ***

timeglve



o'h Y

I

- M"l"t**g it t*Jutt.d twice per year during the spring and fall'
i.* Monitoring of mine discharge will be conduJted as reqiired by the current UPDES permit. Surface water surveys

conducted to identify uny n.iu discharge locations within or below sealed portals'

**r Baseline sampling conducteA aurrng"sft and 9fr y9ar. In no case will baseline sampling time frame exceed 5 years

converting from operaiional to reclamatioir monitoring. (See Volume 9, Appendix A)

In tables 3-3, 3-4, and 3-5, seed mixes have been established for three areas of disturbance;

pinyon Juniper, Riparian, Conifer habitats. Pinyon Juniper habitats are those areas that have a

high exposure to sunlight. These areas are typically drier and need grass growth early on for

moisture retention and soil stabilization'

Riparian areas are seeded to encourage forb and shrub gro-Ytl, which supplies a good food

source and cover for wildlife. These aieas usually have a sufficient water supply for competent

plant growth.

-i"i
fr84fr-301-800: Eioloar fr-? l/2001

Table 3-2: Deer Creek Coal Mirre lamation ule: I "' thru

#
10 Year Revegetation
& Monitoring

lt'
Year

?nd

Year
3r,l
Year

4th

Year
5th

Year
6th

Year
7th

Year
gth

Year
gth

Year
1Otb

Year

r'
r'

f
r'

{
/

r'
(

r'
{r'

r'
r'
r'

r'
/

{
r'1 Plant Monitoring Disease &

Pest Control +

2 Mine Water Discharge
Monitoring+*

r' r' r' r' {
y'*+* { / r' I

y/ **x I

n
J

Soil Stabilization Rills &
Gullies

r' r' { ( r' r' r' ( {
Art Contingent Seeding r' {

5
Revegetation lnventory for r' f { r'



ilcer Ereefi filine

. . F t '-

frfr4fr-fr01-800: frlotosr 8'8 I/2001

Table l-3: Seed Milture (PtnYon-J
Lbs/Acre

Equivalent PLS*Common Name Scientific Name

Grasses
A nrnnrrrnfl c,nicahrm 1.0

Bluebunch Wheatgrass
Dnq arnrtln 0.5

Bie Bluegrass
T errrrrrre einererrs 2.0

Great Basin Wild RYe
3.0

Indian Ricegrass f}-rrznnci q hrrmenordes var. .t, alOma
2.0

Thickspike Wheatgrass Agropwon dasystachyum var' unlana
3.0

Western Wheatgrass A .'rnnrrrnn smithii var. Kosanna

Forbes
A ctar olcrrcndeq 0.5

Blueleaf Aster
Linum lewisii 1.0

Blue Flax
Artemrsia ludoviciana 0.2:-:^*^ c

L'ULTTJ usli

Northern Sweetvetch
IJorlrrcarrrrtt hnrpa le 1.0

0.5
Palmer Penstemon Penstemon Palmert

Shrubs 0.5
Bie Saebrush

A rternisi a tridentata var. wvonungensrs

f-ernndanrq ledifolius 2.0
Curleaf Mahogany

Atrinlev efinescens 3.0
Fourwine Saltbush

a nnel enchier alnifolia 1.0
SaskatoonSe@ nn
Wh i testem Rubber Rabhitbrush- Chrvsotha



Table 3-4: Seed Mixturel[& an

Common Name Scientific Name
Lbs/Acre

Equivalent PLS*

Grasses
Indian Ricegrass Oryzopisi hymenoides var.

Paloma

2.0

Kentucky Bluegrass Poa pratensis 1.0

Mountain Brome Bromus marginatus 2.0

Needle and Thread Grass Stipa comata 1.0

Streambank Wheatgrass Agropyron ripari'.rm var. Sodar 3.0

Forbs
Blueleaf Aster Aster elaucodes 0.2

Louisiana Sage Artemisia ludoviciana 0.2

Rocky Mountain Penstemon Penstemon strictus 1.0

Silkv Lupine Luuinus sericeus 3.0

White Yarrow Achillea millefolium 0.1

Shrubs**
Saskatoon Serviceberry Amelanchier alnifolia 1.0

Rockv Mountarn Maple (C) or (B) Acer elabrum 300/acre within 20 ft of sEeam

Woods Rose (C) or (B) Rosa woodsii 200/acre within 20 ft of stream

Trees**
Coyote Willow (X) or (RX) Salix exigua One foot snacing

Red Osier Doswood (X) or (R{) Cornus stolonifera Five foot spacing

Nerrnwleaf Cnttonwond (C\ or l'Pl D^^r,lr rc anrrrrcfifnli n Ten fnot qneeins

(RX) : Rooted cuttings (P) = Poles
4'h year. Planting will take place in early spring

beween the months of March and April.

i (C) : Containerized plants (B) = Bare root plants (X) = Cuttings
*i 75Vo of live Trees and Shrubs will be planted yearly up to the

Mixed conifer areas are noffnally north facing slopes. These areas receive less sunlight and are

usually wetter. An initial growth 
-of 

gra*res is neeOed to provide soil stabilization. Shrubs do well

in these area which provide food and cover for wildlife.

frEIE-801-t00: ElolosY
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Table 3-5: Seed Mixnrre (Mixed ConIE

Common Name Scientific Name
Lbs/Acre

Equivalent PLS*

Grasses
Bluebunch Wheatgrass Asropvron spicatum 1.0

Indian Ricegrass Orvzouisi hvmenoides var. Paloma 2.0

Western Wheatgrass Aeronvron smithii var. Rosanna 3.0

Kentucky Bluegrass Poa prognsis 1.0

Mountain Brome Bromus marsinatus 2.4

Slender Wheatgrass Elymus ffachycaulus ssp. trachycaulus 2.0

Forbs
Louisiana Sage Artemisia ludoviciana 0.2

Northern Sweetvetch Hedvsarum boreale r.0

Pacific Aster Aster chilensis 0.2

Rockv Mountain Penstemon Penstemon strictus r.0

Silkv Lupine Luninus sericeus 1.0

Shrubs
Mountain Bie Sagebrush Artemisia tridentata vaseYana 0.2

Saskatoon Serviceberry Amelanchier alnifolia 2.0

Skunkbush Sumac Rhus trilobata 1.0

Trees
White Fir Abies concolor 25O/acre

l^)nrrolaq Fir Dotrarlnfcrr -a tmenziccci J \(ller.re

Seeding Techniques

Seeding will take place as contemporaneously as practical following soil placement,

contouling/pocking, and fertilization of the area being reclaimed. Certified noxious weed free

alfalfa ha! 
-will 

bE incorporated into the soil following contouring at a rate of 20001bs/acre.

Fertilizer will be applied at the following rate:

Ammonium Nitrate 40lbs I awe

Triple Superphosphate 3 Slbs/acre

pocking techniques will mix the alfalfa and fertilizer into the upper portion of the soil.

The seed mixture will be broadcast using a "hurricane spreader" or applied using a hydroseeder.

If the seed mixture is hydroseeded, a smill amount of wood fibermulch will be added to mark

the area of coverage during application.

fr64fr-801-fr00'Elology
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Next, a certified noxious weed-free straw mulch will be applig{ at a rate of 2000tbs/acre' If
possibte, the mulch will be applied-.uring a tub gnnder or similar blower. A tackifier (plantago or

other similar tackif,rer) will be applied at a rate"of 500 lbs/ac to cover the mulch and stabilize the

soil. Mulch and tackifier will be^applied as contemporaneously as possibte.

Riparian seed mixtures will be applie{ to a1 area that is within 20 feet either side of the riprap

channel of the Deer creek canyon, Deer Cunyor,, and.-Elk canyon drainage systems- conifer

seed mixtures will be applied to'north facing siopes while Pinyon-Juniper seed mixtures will be

applied to all other areas of the reclamati-on ritr. A color-coded revegetation location map

(bra*ing DS-1797-D) is provided in Appendix R645-301-300-A'

Measures to determine success of revegetation are those included in R645-301-350 of the utah

Coal Rules.

ln the slope areas of less than 5% along th9 Deer creek, Deer and Elk drainage (review R645-

301-?00: Hydrotogy and ,rfo to -Ip DS-17g0-D - Final Reclamation Hydrology Map),

channel design will incorporate soft bioengineering. Instead of the use of riprap to protect

channel bed and bank from eroding, alteilrative instream controls will be utilized' These

alternatives include wing deflestors using rog liii.t or riprap piles to direct flow in a meandering

fashion and away from the bank; bouldir Justers to prouii. cover' create scours and reduce

velocity; *0u,, und o, ,,V"shap*A **irc that will create baskwater and facilitate sedimentation'

Vegetaiion will be established on the channel bottom'

The channel bank in these areas will be protected priTally with vegetation' ln transition areas of

the channel (e.g. from a tOy, slop, to iz'to slopi;, tlre u-int will be heavily armored' A energy

dissipation basin is designed at the toe of the rj*ri creek and Deer canyon drainage slopes' By

design, a hydraulic jump will form at the bottom of these slopes. The location and depth of the

jump is calculated in Appendix R645-30r-700-8. cross-sectional design drawings are also

located in this aPPendix.

shrubs within the riparian area were chosen to provide cover and forage for witdlife' They will

be hand planted using a shovel. Care will be taken not to damage the- root structures of bare

rooted plants. contairierized plants will.be ptanted similarly. luring the first year of reclamation'

zs% of the total trees ana sfiuus will be ptanted during early months -of spring' Each year' an

addition alzso/owill be planted (in spring) until 100% of all tiees and shrubs have been planted'

The trees and shnrbs will be planted r*oo*1y in areas that have adequate moisture or moisture

collecting features. Monitoring will be.perfoimed throughout each year to track the success or

failure of the plantings. planting and/o1 fertilization procedures may change periodically to

improve ,urr.ri rates in order to achieve bond release'

l/200t
frfr4fr-fr01-800: ElolosY 8-fr



The riparian seed mix will be used as mentioned in Table 3-4 to provide a riparian habitat along

the stream banks for witdlife cover and food. The seed will be dispersed in the constructed

channel and within 20 feet of both sides of the channel.

Signs will be placed around the planted slopes for there protection. The area will be entered only

tolrovide maintenance (as needed) and/or monitoring duties'

Weed control will not be undertaken unless it is determined necessary due to weed dominance

and delayed rate of succession. All noxious weeds will be eradicated either chemically or

physically if they become established on the site'

areas will be assessed during monitoring periods. Species

implemented as necessary.
Rodent damage on revegetated
specif,rc control measures will be

Annual monitoring will also include inspection for rills and gullies. Should these be present, they

will be filted and the soil reseeded. Rili and gully repair will follow the regulations set forth in

the coal Rules R645-301-357.360 througrr no+5-rot-:s2.365. As repairs are recognized, the

Division will be notified and the affected itea will be reported in the annual vegetation report.

All vegetation sampling will be undertaken in the late summer for maximum plant growth- The

line intercept or orutut estimation methods will be used to measure cover and species

composition^. The point-center quarter method will be used to measure shrub and tree density.

productivity measurements will be a double sampling procedure of clippped plots and ocular

estimares. Rectangular plots (6.2'/ in. x 100 in.) *itt Ue iandomly located in reference areas and

revegetation sites. sampling will be at the 90% confidence level.

The reference area will be checked to detect any change from natural or man-induced activities

and to veriff ttrey are in fair or better condition. S*tpling of the reference sites at the time of

bond release will be conducted concurrently with final reclamation sampling, using the same

methodology used to sample the reclaimed areas'

The standards for success to be applied for ground cover and production of living plants on the

reclaimed areas at the Deer creek-Mine wil-l be at least equal to 90% (with a gaYo confidence

level) to that of the respective reference area at the time of bond release. For example, the

reclalmed riparian area will be compared to the riparian reference area for cover and production'

Cover in the reclaimed areas will not be less than that required to _achieve the approved post-

mining land use outlined in R645-301-400: Land Use and Air Quality.

frfr4fr-E0l-800'friologY
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Revegetation for tree and shrub species will be considered successful when the tree and shrub
count in the reclaimed areas are similar at the time of bond release to the count in the reference
area.

During the 4'h yeat after revegetation, the point-quarter or other accepted method will again be
used to determine the density of trees and shrubs in the reclaimed areas. Locations of monitoring
will be random within each of the reclaimed areas and recorded. The final 25% of the tree and

shrub live plantings will be included in the 4'h year density counts. This process will be repeated
in the 8'n year.

At the time of bond release, or after the 10 year responsibility period has passed, similarity
befween the reclaimed area and corresponding reference area will compare life forms and/or
species present in each community by the use of similarity indices. Indices of similarity provide
the means of mathematically comparing the plant communities in the two areas. One of, or a
combination of the three indices found in the Vegetation Guidelines, Appendix B will be used to
determine the similarity between the reclaimed and reference area. If another index (or
combination thereof) is used, Division approval will be required. Similarity will be considered

successful when the index value is at least 70% of the reference area.

All vegetation monitoring data will be reported annually. This report will contain a narrative of
the actual monitoring methods used, results, and a discussion of the overall success or failure of
each area. Raw data sheets will also be included in the annual reports. Standards attained at the
time of bond release will be approved by the Division of Wildlife Resources (DWR) and the
Division of Oil, Gas and Mining.

The Revised Universal Soil Loss Equation (RUSLE) is used to model sediment loss from
disturbed/reclaimed areas. Program parameters are discussed in R645-301-700: Hydrology.
Monitoring of sediment will occur at monitoring points setup above and below the disturbed area

of the Deer Creek Mine. This information will be reported annually.

fr04fr-flU-400'frlology fl-8 r/2001
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540. Reclamationptan(R64S-301-540)

As required byR645-301-540, the applicant intends to conduct final reclamation as follows:1. Remove existing structures.
2' Remove buried diversion systems, where necessary and provide l00yri6hr

storm event channels.
3.

4.

5.

Re-contour the disturbed area to blend in with the existing surroundings.
Stabilize all fill structures.
Reduce sediment loading to receiving streams by incorporating Best
Management Practices (BMp's).
Vegetate all disturbed areas to meet minimum requirements of plant cover,
diversity and production as compared to the reference areas.
Meet the stated post-mining land use.
Achieve bond release.

6.

7.

8.

A tlpical cross-sectional drawing displaying the sequence of reclamation is found in AppendixR64s-301-500-A.

F'ollowing the completion of mining, work will begin on the dernolition of surface facilities. Allstructural steel, metal siding and other building maierials except concrete will be dismantled anddisposed of off the permit area. These structures include, but are not limited to:

I . Fan and fan housing
2. Water tanks
3. Fuel storage tanks
4. Substations
5. Oil storage facilities
6, Belt structures
7. Fences
8' o.ffiwarehouse systems
9. Crusher planr

All foundations and structures built of concrete will be broken up and buried in the reclaim bin asshown in the cross-sections. of Drawing DS- 1784-D, Appendix R645-301-500-c. There isapproximately 5666 ydst of in-plac* *orr*rrte at the Deer Creek Mine. It is estimated that thedensity for in-ptace concrete is approximately 150 lbsift3. For crushed concrete, the estimateddensity is approximately 110 lbs/ft3. The volume needed to backfill crushed conerete increasesabout 27% using these density estimations to 7726yds3.The reclaim bin will have ample room tobury all demolished concrete during this sequence of reclamation. Any excess demolition

I
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material, will be used as filI against cut
for disposal. The asphalt material from
permitted class IV landfill. For cut and
s00-c.

slopes where needed and/or taken to the waste rock site
the road and parking lot will be excavated and taken to a
fill quantities, refer to drawings in Appendix R64-301-

R645-301-542: Narratives. Maps and Plans

A detailed timetable for the completion of each major step in reclamation is outlined in R645-
301-300: Biology, Table 3-1. Pre-reclamation surface configurations for the Deer Creek Mine in
Deer Creek Canyon, Rilda Canyon, North Meetinghouse Canyon are located in Appendix R645-
301-500-A. These drawings show the location and extent of surface disturbances due to coal
mining and reclamation activities of the Deer Creek Mine, refuse pile locations, and highwall
areas. The surface disturbance associated with the 9th East Portals in Grimes Wash was reclaimed
in 1999, The reclamation of this area is discussed in Appendix R645-301-500-8.

A detailed plan for backfilling, soil stabilization, compacting and grading is outlined below in
R645-301-553. Backfillinq and--Gfadi$. Certified contour maps, cross-sections, and soil
placement maps are attached in Appendix R645-301-500-C.

550. Reclamation Design Criteria and Plans (R645-301-550)

Reclamation activities at the Deer Creek Mine will include plans and designs for 1) Casing and
sealing of portals, 2) Permanent features, and 3) Backfilling and grading. These plans and
designs are outlined below.

R645-301.:5-5_1: Casing and Sealine of Undqrground Openings

Deer Creek has a total of sixteen (16) portal locations of which one (1) is an exhaust shaft. These
portals are located as outlined in Table 5-1.

Table 5-1: Portal locations of the Deer Creek Mine.

Deer Creek Canvon
4 portals total,2

sealed and
backfilled

3 portals total,
1 old exhaust

2 sealed & backfilled

1 portal
(fan portal)

North Fork Meetinghouse
Canyon

(Refcr to f,last,Iiorth Meetinghouse

Grimes Wash Canvon
Eefel' q $. E*I. clp, T Wrsh

3 portals, all sealed
(Reclaimed FalV99)

'Rildh Canvonv

7/200tfr frilfi-fr 0l-fr 00. Engineefing fr-2



freer Crcefr tlinc

Figure 5-1: Typical portal seal diagram
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The plan for sealing these portals consists of permanent double-block seals with at least 25 feet
of non-combustible material compacted, to the extent possible, to form an earthen plug (see

Figure 5-l). Of the 16 portals, only 2 (Rilda Canyon) are considered post-SMCRA portal
highwalls. Hiehwall elimination of these portals is discussed in Appendix R645-301-500-D,
where a highwall elimination plan is presented for all pre- and post-SMCRA portals. Complete
reclamation plans/discussion for the 9th East portals in the North Fork Meetinghouse Canyon are
attached in Appendix R645-301-500-8. The Rilda Canyon and 9th East Grimes Wash (reclaimed
fall '99) portal reclamation plans are attached in Appendix R645-301-500-8. The portals in Deer
Creek Canyon are discussed below.

Deer Creek lntake Ponals and Belt Portal

Listed in Table 5-2 are the elevations of the Deer Creek portals and elevations of rnajor areas in
the mine that will either direct mine water or act as a barrier.

All portals (except for the Deer Creek Canyon intake portals) are located up-dip from the mined-
out entries eliminating the need for hydrological seals or provisions for providing water
escapements. The Deer Creek intake and belt portals, however, would be difficult to keep water
from migrating though the fractures around hydrologic seals if they were to be used after mine
abandonment. The applicant feels that the most environmentally effective method would be to
establish a permanent discharge in the north intake portal nearest Deer Canyon. The quality of
the water that would be discharged could meet the EPA effluent limitations without treatment.

Upon mine abandonment, the intake portals in Deer Creek Canyon, which are the lowest
elevation of all the portals of the Deer Creek Mine, will be sealed 25 feet inby the opening. One
mine entry (as mention above) behind the seal will be filled with gravel and sand for a distance of
25 feet to act as a filter to remove any suspended solids from the water. Four, six (6) inch
diameter drain pipes will be installed, which will allow for a continuous discharge. The pipes
will direct collected mine water through the seal into a french drain system that will direct mine
water toward the surface. The french drain will consist of a 1 Il2 foot deep layer of 6" gravel
covered with incrementally smaller gravel to a depth of 3 feet. Non-combustible backfill material

Table 5-2: Elevations of various areas of the Deer Creek Mine.

Elevation (approx, ft,)

lntake and Belt Portals
l " south Dump Point (raise bin
Pleasant Vallev Fault 7545 (too). 7415 (bottom

Main West - 3'o North Intersection
3'd North - 9'h East Portals (Meetinshouse

9'n East (Wilbere ) Portals
Rilda Canvon Portals

fr frilfr -fr 0l-fr 0O Engineering fr"(
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will be placed in the mine opening and used to fill the empty space that remains outby the seal to
the surface. Drawing DS-1780-D, 5 of 5, in Appendix R645-301-700-8, illustrates the design of
the mine water discharge. The mine water will discharge to the surface and route through a

lightly riprapped impression to the Deer drainage. The water will then flow freely down the
reclaimed drainage.

After the portals are sealed and mine water begins discharging, the applicant will monitor the
water quality parameters listed in the UPDES permit for the Deer Creek Mine. The samples will
be collected, analyzed, and reported as required by the permit. Surface water sites will be

monitored for baseline parameters during the frfth (Str) and ninth (9ft) years after final reclamation.
In no case will baseline sampling time frame exceed 5 years converting from operational to
reclamation monitoring. The applicant also commits to conduct annual surveys to identify any new
discharge locations within and below sealed portals. If discharge occurs, one water sample will be

collected and analyzed per location quarterly. Parameters analyzed are those listed in the DOGM
Guidelines for Groundwater Water Quality (see Table #2, Appendix A, Volume 9, Hydrologic
Section).

The 9'n East portals in North Meetinghouse Canyon will be reclaimed at a time when they are no
longer needed. This does not necessanly coincide with the Deer Creek Mine cessation and

therefore, is not added into the reclamation timetable. The reclamation plan for these portals can

be reviewed in Appendix R645-301-500-8.

9'h East Portals - Grimes Wash

The 9'n East portals in Grimes Wash were reclaimed in the fall of 1999. Refer to Appendix
R645-301-500-B for a complete report and discussion of the reclamation operation.

Rilda Canyon Portals

The Rilda Canyon portals reclamation plan was added to the Deer Creek MRP in 1995 as a
"stand alone" plan. Although the portals and surface facilities are part of the Deer Creek Mine,
the reclamation plan for the area was developed as a separate section within the MRP. The
permittee intends to keep this plan as a separate section. This plan can be reviewed in Appendix
R64s-301-s00-8.

Deer Creek Waste Rock Site

Refer to Volume 10, Chapter III for the reclamation plan for the Deer Creek waste rock site.

fr 84fr -E 0 l-fr 0 0. tn gin eeriw fr-fr t/2001



Once the structures have been removed and the portals sealed as outlined in Figure 5-1,
backfilling and grading will commence. Reclamation will be accomplished by systamatically
reclaiming the Deer Creek, Deer, and Elk canyons starting at the uppermost part of the disturbed
atea, working down. Various stages of the reclamation process will be occurring simultaneously
in different parts of the site. Working from top to bottom will minimize handling and compaction
of the material in the reclaimed areas and allow the sedimentation structures below the
reclamation work to remain in place. As mentioned in R645-301-200:Soils, a substitute topsoil
material will be excavated from the existing undisturbed drainage corridor. This material will be
taken from between stations between 9+00 - 15+00 and24+00 - 30+00 (refer to map DS-l7BZ-D
in Appendix R645-301-500-C). Segregation and placement of the substitute material will take
place as contemporaneously as possible to limit minimize handling. There is an estimated
quantity of 58,891.08 yds' of substitute topsoil material that can be used as a growth media.
Depth over the proposed soil placement areas will be approximately 2 %feet Drawing DS-1816-
D illustrates the locations of substitute subsoil and topsoil placement.

The permittee feels that in the case of a storm event, runoff from the disturbed areas will flow
down gradient to a remaining sediment control structure. At this point, the sediment will be
treated at the structure using strawbales, sediment traps , etc, and/or be routed to the sediment
pond. Routing will utilize berms and/or ditches to direct flow (refer to Figur e 7 -4ryin Appendix
R645-301-700-B). Channel construction, mulching, pocking, fertilization, and seeding will occur
contemporaneously with backfilling and grading as work progress down each canyon. Seeding
and planting is covered in R645-301-300: Biotogy. The reclamation descriptions below refer to
Drawings DS-1782-D, DS-l783-D (1 of 2,2 of 2) and DS-I784-D in Appendix R64S-301-S00-
C' The referred drawing contain plan and cross-sectional views of the reclamation area.

Reclamation will begin between stations 32+00 and 31+00 by first removing the
concrete inlet structure and inlet screen. The concrete inlet will be broken up and used
as frll while the inlet screen will be disposed of off-site. The area above the concrete
inlet will be excavated for tree revetment construction. The revetments will be placed
in the banks to transition the channel from natural to reclaimed.

The 8.0 foot diameter culvert will be removed in sections (length witl be determined
by contractor at time of extraction) and the channel reestablished to its approximate
original position. Although the Deer Creek drainage is classified as an ephermal
drainage, extended flows typically occur. The spring flow that is present within the
drainage will be diverted around the reclamation work and back into the culvert below
the work area. This diversion will be accomplished using a 12" flexible culvert or
other suitable device. The undisturbed channel will be diverted above the concrete
inlet into the flexible culvert by means of a berm, dam, or other diversion system. The
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flexible culvert will be routed around the area to be reclaimed along the contour. Thediverted drainage will enter back into the undisturbed culvert below the reclamationwork' At the completion of each section, roughening, mulching, and seeding will beconducted prior to removing the next section of undisturbed culvert. Flow will berouted back into the newly riprapped channel after all other work is completed. Aseach successive section is reclaimed, flow in the channel will be diverted in the samemethods described above. The average grade between stations 32+gg and, 21+00 is25%. Channel sizing and design is discussed in R64S-301-700: Hydrology.

Substitute topsoil will be excavated along the undisturbed culvert as the culvert isremoved and placed as illustrated on Drawing DS-lgl6-D in Appendix R645-301-
500-C' Refer to R645-30I-200: Soils for the discussion on substitute top and subsoilmaterial As work progresses down the canyon to the water tank pad and fan pad(between stations 30+00 and, 27+00), the berm material will be used to contour theareas of each pad. The outslope of the fan pad will be cut to reduce the gradient of thisslope' A slope stability analysis was conducted in April of 2000 by RB&GEngineetitg' see report in Appendix R645-301-s00-E. The material will be used onthe pad to fill against the pad cut. The ventilation shaft will be backfilled usingcrushed concrete structure material and any other available material. This portal shaftis considered a pre-SMCRA highwall. Appendix R645-301-500-D details highwallelimination of all Deer Creek portals. 

^Stop* 
stability analysis on this slope ispresented later in this chapter.

A ground water seep occurs in the location of the fan pad. A french drain will beconstructed to route the water into the Deer Creek drainage, A typical french draindesign is outlined on drawing DS-1780-D, 5 of 5. Location of the french drain isfound on drawing DS-1780-D, I of 5. These Drawing can be reviewed in AppendixR645-30r-700-8.

All other drainage culverts, water lines, fuel lines (empty), etc., that affect contouringduring reclamation operations, will be removed urO iirposed of off-site. Disturbedrunoff drainage controls will be maintained. Control siructures below reclamation
work will remain intact to treat any runoff that might occur.

Using the berm material, the road cuts accessing the fan pad will be graded andcontoured to blend in with ,h_. luoounding topography. Many vegetal species (i.e.conifers and shrubs) have established in thJ upper disturbed areas of the Deer CreekCanyon' The permittee intends to retain as much established vegetation as possible.The area will be deep gouged (pocked) using the bucket of a track-hoe or similarmachinery' Pocks will be created (approximately 3.O'diameter x 1.5, deep) tominimize (or eliminate) erosion and sediment transport.

I
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An estimate of soil loss from eroslon rs made using the revised universal soil loss
equation (RUSLE). RUSLE is an erosion model designed to predict the long term
average annual soil loss carried by runoff from specific slopes in specific management
systems. A complete discussion of estimated soil loss is found in R645-301-700;
Hydrology.

The upper portion of Deer Creek Canyon will be contoured as outlined on the final
reclamation map (Drawing DS- 1783-D of Appendix R645-301-500-C).
Approximately 38,522.31 cubic yards of material will be cut and 32,478.15 cubic
yards will be filled in this portion of the canyon to accomplish the desired contour.

Dger C-anyoF.

Reclamation will begin in the upper elevations (station 4+00, Drawing DS-1784-D of
Appendix R645-301-500-C) of Deer Canyon while systematically working down the
canyon to station 0+00. Since the Deer Canyon is ephemeral and flows are rare, the
two (2) culverts (one 54" and one 36") will be removed without any diversion
strucfure. If a storm event occurs during the reclamation activities in this canyon,
runoff will be diverted to the drop inlet at station 16+00 in the Deer Creek Canyon.
The runoff will be treated with straw bales or other control structure and routed into
the drop inlet where it will report to the sediment pond. The concrete inlet will be
broken up and used as fill. The inlet screen and culvert material will be hauled off-site
and disposed. The area above the concrete inlet will be excavated for a boulder
revetment construction. The revetments will be secured along the banks to transition
the channel from natural to reclaimed.

A designed riprapped channel will be constructed as shown on Drawing DS-1780-D
in Appendix R645-301-700-8. From station 2+43 to the confluence with the Deer
Creek channel (refer to above mentioned drawing), a soft bio-engineered channel will
be incorporated. This idea is discussed in R645-301-342 - Fish and Wildlife. A
complete channel design is found in R645-301-700: Hydrology.

The canyon will be contoured as outlined on final reclamation map Drawing DS-
l78Z-D in Appendix R645-301-500-C. Approximately 2761.26 cubic yards of
material will be cut, and approximately 5845.00 cubic yards will be filled to
accomplish the desired contour (see mass balance table on same drawing). Sufficient
substitute soil material will be used in as needed. The reclamation plan will follow the
processes outlined in R645-301-233 Topspil-Subs-tilutes and Supplements to achieve
a sufficient planting medium. The area will be deep gouged (pocked) using the bucket
of a track-hoe or similar machinery. Pocks will be created (approximately 3.0'
diameter x 1.5' deep) to minimize erosion and sediment transport.
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Deer Creek Canyon (Mid - stations 21+00.through 8+00)

Reclamation will proceed at station 21+00 to station 8+00 in the Deer Creek Canyon.
Removal of the 8'dia. culvert will continue in this area. Water within this channel will
be diverted as previously described. The channel between 21+00 and 17+00 will
utilize soft bio-engineering techniques to influence the development of a riparian
habitat and encourage sediment deposition in slow moving waters. Refer to R645-
301-700: Hydrology for a complete discussion and design. The remainder of the
channel in this section will be riprapped according to sizing specification outlined in
R645-301 -700: Hydrology.

Suitable substitute topsoil will be separated and placed/stored as outlined on drawing
DS-l816-D in Appendix R645-301-500-C. This soil will be used in areas where
lesser quality soils exist and/or used as cover over the slope of the refuse pile in Deer
Creek Canyon.

The outslope of the material storage yard will be excavated and used as fill along the
yard parameter. The outslope of the refuse will also be excavated and used as fill in
these areas. This will create a slope of less than 2:1. A slope stability analysis was
conducted in April of 2000 by RB&G Engineering. See report in Appendix R645-
301-500-E. The location of this area is outlined on Drawing DS-1796-D.

The final reclamation work in this section will involve cutting and filling to match the
cross-sections in Drawing DS-1783-D of Appendix R645-301-500-C. Approximately
91,,231.19 cubic yards will be cut and 7I,425.90 cubic yards of fill material will be
used to contour the area. The road will be roughened and blended into the slope of the
refuse pile to the north, ffid the Deer Creek channel to the south- The surface will be
pocked to control erosion and enhance vegetation growth. The reclamation plan will
follow the processes outlined in R645-301-233 Topsoil Substitutes and Supplements
to achieve a sufficient planting medium. Rock, deadfall and other natural material will
be incorporated to improve micro-habitats and visual appearance. The area will be
mulched and seeded to complete the work in this area.

Elk Canyon.

Begiruring in Elk Canyon, above station 6+00, the concrete inlet structure and inlet
screen will be removed. The concrete inlet will be crushed and used as fill. The screen
will be disposed of off site. The 30 inch culvert will also be removed and disposed of
off site. The area above the concrete inlet will be excavated for tree reverment
construction. The revetments will be placed in the banks to transition the channel
from natural to reclaimed. Two other undisturbed inlets occur in Elk Canyon and will
be removed in a similar process. No water diversion will be needed in this canyon
since only ephemeral flow occurs.
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In the case that a storm event occurs, rainfall runoff will be diverted around the
reclamation to remaining undisturbed culverts. The topography in this canyon is such
that surface flow drains toward the sediment pond. The pond will settle any sediment
from the runoff before reaching the natural canyon channel.

Cuts will be made to establish the channel as outlined on drawing DS-1784-D.
Approximately 12,586.04 cubic yards of material will be cut and 22,783.79 cubic
yards of fill will be needed to contour the area. There is approximately 4006.1 1 cubic
yards of spoil material stored southeast of the coal bin. This material will be used to
contour the disturbed area as shown on map DS-1782-D and DS-1784-D, 1 of l. The
material in this pile will be sampled as outlined in R645-301-200: Soils to determine
suitability as filI material. The results of the analysis will determine the depth of
substitute soil (if needed) to be placed over this fill material. The channel will be
sized, developed, and riprapped according to the specifications outlined in R645-301-
700; Hydrology. The ephemeral draws in this canyon will be transitioned into the
main Elk Canyon reclaimed channel.

The surface area will be pocked to enhance soil erosion control and vegetation. Rock
and other natural material will be blended with the reclaimed area to improve visual
appearance and control erosion. The area will be mulched and seeded to complete the
work in this area.

Dq"e-r_ereek-.Q.Aqygn, (Lo:ugr * stalions 8+00 through 0+00)

The final section begins at station 8+00. Below this station, the Deer Creek drainage
and the Elk Canyon drainage converge. The 8.0 foot diameter culvert will be removed
to approximately station 6+00. The culvert will be disposed of off site.

A check dam or similar device will be placed down stream to encourage sediment
deposition in the undisturbed channel. This control structure will act as the final
treatment while the sediment pond is being removed. Tlpical designs are presented on
7-44 in Appendix R645-301-700-8. The structure will be removed following the
completion of reclamation at the Deer Creek Mine.

The sediment pond will be filled using the material that makes up the dam and other
side slopes in the area. The material will be compacted to eliminate the possibility of
settling. The Deer Creek channel will be routed along the southern cut wall of the
sediment pond. This will create an esthetically pleasing natural view as the channel
passes through this area. The channel will be riprapped 32-0 feet past station t+00
where it will then be blended into the existing undisturbed channel. Refer to Figure 7-
1A for typical channel transition cross-sections in Appendix R645-301-700-8.
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During the sediment pond demolition and channel construction, the Deer Creek
channel will be diverted from the confluence of the Deer Creek and Elk Canyon
channels along the contour to the existing I' culvert, After construction activities,
flow will be routed into the new channel. The remainder of the 8' culvert will be
excavated and the area reclaimed.

The remainder of the Deer Creek mine road to the Emery County road (asphalt and
base) will be excavated and transported to a permitted class tV landfill.. Eicavation
will extend approximately 410 feet past station 0+00, to the point where the county
road terminates. Approximately 30,8l7 .16 cubic yards of material will be cut and
19,740.09 cubic yards of fill will be moved in this area. A 100 foot diameter
turnaround (unpaved) will be constructed at the end of the Emery County road so that
vehicular traffic can exit the area properly.

All reclaimed slopes will be pocked to enhance soil erosion control and vegetation.
The reclamation plan will follow the processes outlined in R645-301-233 Topsoil
Substitutes and Supplements to achieve a sufficient planting medium. Rock and other
natural material will be blended with the reclaimed area to improve visual appearance
and added erosion control, The area will be mulched and seeded to complete the work
in this area.

Highwall Remnants

Highwall remnants are proposed at the Deer Creek Mine since sufficient fill material does not
exist to completely eliminate these areas. The areas are outlined on maps DS-l7BZ-D,1 of 1 and
DS- 1 783-D 1 of 2, 2 of 2. The Deer Creek Mine is considered a continuously mined area (CMA).
Development of the portals began before the passage SMCRA and therefore, no spoil material
was ever salvaged. Since it is impossible to completely eliminate the highwall areas, the idea is
to blend these areas into the natural surroundings of the canyon to become compatible with the
approved post mining land use.

The portion of the highwalls remaining consist of near vertical fluvial channel sandstone
escarpments associated with the Blackhawk formation (refer to Volume 8, Geologic Section).
The fill material below these areas is a combination of crushed concrete and underground
development wastes. Stability of these areas are presented below. A conceptual highwall
elimination plan for the Deer Creek is presented in Appendix R645-301-S00-D. Cut and fill
estimates agree with the highwall elimination plan.

Explosives Storage Area

The access road to the explosive storage area will be reclaimed using any berm and/or fill
material available. All sediment control structures will be removed and the area will be pocked,
mulched and reseeded.
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Leash.Field

The leach field servicing the Deer Creek Mine facilities will be reseeded if it is found at time of
reclamation that the vegetation does not meet established guidelines. The drain rock and slotted
drain pipe will be left in place.

ASCA Areas

As mentioned throughout the text, sediment control structures will be removed in all areas of the
Deer Creek Mine permit area. Pocking will be the primary means of sediment control on all
reclaimed surfaces. Present locations of all ASCA areas within the Deer Creek disturbance are

found on Plate 1-4, Drawing CM-10882-DR in Volume 4.

C1/C2 Beltlines

The C llCZ beltline that parallels the county road between the Huntington Power Plant coal
storage facility and the mine will also be removed and reclaimed as part of the Deer Creek
reclamation. After the belt structure is removed, the area will be graded using the existing berm
material. The area will then be roughened and seeded to enhance moisture retention and

vegetation growth. All sediment control structures (sediments traps and berms) through this area

will be removed as the roughening technique will act as sediment and erosion control. A cross-

sectional sketch of reclamation is shown on Drawing DS-1780-D, 4 of 5 in Appendix R645-301-
700-8.

Slope Stability

PacifiCorp conducted a slope stability analysis on five major fills within the reclamation area.

Work was performed by RB&G Engineering in April of 2000. The major fill areas include:

+
*

+
tt

tt

Fan Area

Mine Portal Area - Four
Locations

Waste Rock Storage Area #1

Waste Rock Storage Area#Z

Coal Bin

The stability analyses were performed using a computer model of Spencer's Method known as

UTEXAS 2. Spencer's Method satisfies both force and mornent equilibrium and is considered to
be a satisfactory method of solving slope stability problems.

Except in areas of limited space, backfilled slopes will be constructed not to exceed a 2H:1V
gradient. All designed slopes achieved a factor of safety of >1.3. The size of material used in
these fills will range between granular and bolder size of approximately 3 foot in diameter. As
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recommended in the slope stability report, debri placed in the coal bin will be placed in lifts and
compacted to an in-place unit weight equal to at lease 90% of the maximum laboratory density as
determined by ASTM D 698. The Slope Stablility Analysis report is documented in Appendix
R645-301-s00-E.

In comparison, the Rilda portals propose reclamation slopes of approximately 3: 1. These slopes
should be stable as designed. The 9th East portals of Meetinghouse and Grimes Wash have or will
have like slopes of at least 2:1. The subsurface material at these sites are similar to the materials
found at the Deer Creek Mine site. It is the permittee's opinion that these slopes will achieve a
safety factor of 1.3 or above.

Reduction of Sediment Load

Deep gouging (pocking) will be the primary sediment control measure used at the Deer Creek
Mine. A detailed description of this sediment control measure is outlined in R645-301-763.
S.iltation Structures.

Support of P-gst-Mining Land U.se

The reclamation plan for the Deer Creek Mine is constructed to support the post-mining land use
as outlined in R645-301-400: Land Use and Air Quality.

R645-301 -553.250: Retuse Piles

A samplingprogram is scheduled forthe field seasons of 2001 and/or 2002. A complete
discussion of this program is outlined in R645-301-200: Soils. The chemical and physical
characteristics of the material in the Deer Creek and Elk Canyon refuse sites were sampled in
part of the slope stability investigations to determine if toxic and acid forming materials occur at
the site. One sample point each for the Deer Creek and Elk canyon waste rock sites were taken.
The sample analysis report of these sites are presented in Appendix R645-301-200-A. A
complete discussion can be reviewed about the history of the refuse sites in VolumeZ,Part3,
page 3-64. These sites are no longer in operation. The location of the sites are reviewed on
Drawing DS-1796-D and in R645-301-200: Soils, respectively.

The waste rock site currently in operation is located along side highway 31. All information
referring to this site is found in Volume 10 of the Deer Creek MRP.

R645 -3 0 1 -5 60: Perf-ormance Standatds

The reclamation operations conducted at the Deer Creek Mine will be carried out in accordance
to the approved permit and the requirements of R645-301-510 through R645-301-553.
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Final Reclarrlation

Final reclamation of the Rilda Canyon Surface Facilities insludes removal ofthe portal liners, portal

sealing, removal of the facilities (fan, substation, pumphouse and water tank), removal of the pad

and regrading of the pad area, removal of culverts, construction of reclaimed channels, regrading of

the access road and reestablishing the Forest Development Trail, redistribution of topsoil and

revegetation. Removal of the powerline will be accomplished through Utah Power personnel in

accordance with USFS requirements.

Structure ,Remgval

Upon completion of mining,
the permit area and National

the surface facilities structures will be dismantled and removed from

Forest lands.

All structural steel, metal siding and other building materials associated with the fan installation,

water tank and pumphouse, will be dismantled and salvaged or disposed of outside the permit area

at an approved site. Concrete foundations and portal liners will be broken up and removed from the

permit area for disposal at the Deer Creek Waste Rock Site'

Portal Sealing

The concrete portal liners associated with the two (2) portals will be demolished and removed from

the permit area for disposal at the Deer Creek Waste Rock Site in accordance with current

regulations. The portals will be sealed and backfilled as depicted in Figure 1, page + $,-:. Backfill

material will be obtained from the facility pad.

S ub stAtion and Powerline .Remov-al

The substation will be dismantled and the structural steel and electrical components will be salvaged.

The concrete foundation material will be broken up and removed from the permrt area for disposal

at the Deer Creek Waste Rock Site in accordance with the current regulations. The powerline will
be salvaged and removed from the permit area by others in accordance with the USFS special use

permit issued to Utah Power.

Pad and Acce.ss Road Reru-oval

Approximately 1 1,280 subic yards of pad material will be used for portal backfill and pad site and

u*r, road regrading. The remaining approximately 3,010 cubic yards of material will be hauled
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off-site by the reclamation contractor and disposed of at the Deer Creek Waste Rock Site. All
materials used for backfilling and grading will be non-toxic, non-acid forming.

The pad areaand access road will be regraded as shown on Drawing CE-10853-EM, Packet 4-4A,

Sheets I through 3. Following backfilling and grading, the surface of the backfilled material will
be in an uncompacted, rough condition. If areas develop where the surface is not in such condition,

the material will be ripped and roughened using trackhoes, dozers and/or had tools to eliminate

slippage surfaces and promote root penetration. The areas will then be covered with a 12 inch layer

of topsoil. Topsoil material will be redistributed on the regraded areas usingbackhoes, excavators

and dozers. Following redistribution, the topsoil will be sampled and analyzed for fertility and other

parameters listed within the Revegetation section ofthe MRP. .Reclaimed areas within the Mountain

brush/Salina wildrye cofirmunity will be seeded with the pinyon-juniper seed mixture listed on page

1*+Sffd{# 3.3, R6'4ffi,[" 3 0r di$fd#. Reclaimed areas within the AspenffirlDogwood and the

Spruce/Fir coniferous forest communities will be seeded with the following seed mixture:

RIPARIAN

Grasses

Streambank wheatgrass
lndian ricegrass
Needle and thread grass

Slender wheatgrass
Western wheatgrass

Kentucky bluegrass
Mountain Brome
Blue wildrye

Forbs
Louisiana sage

Silky lupine
Northern sweetvetch
Eaton penstemon
Blue aster

Shrub"$. Container Stock
Rocky Mtn. maple
S askatoon serviceberrv
Oregon grape

Woods rose
Booth willow
Red-osier dogwood

lbs/acre PLS

AgropFon ripariuqn var. Sodar

Orvzopsis hymenoides var. Paloma
Stipa co.mata

A gropyron tra-chycaulum
Aeropyrqn smithii
Poa pratensis

Bromus carinatus
Elymus glaucus

Artemisi a ludg.vici ana

Lupinus sericeus
Hedysarum bor-eale

Pensterlron eatonii
Aster elaucodes

Total

Acer glabrum
Am e I g n c h i er a I n {o-l.i a

Berbefj$ repens
Rosa woodsii-

S-al,ix boothii
Cornus stolonife(a

2

2
2

2

2

1

2
1

2

10

.5

2

.5

29
Plants/acre
400
400
400
400
400
600
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Trees. CQntainer Sto.ck

White fir
Narrowleaf cottonwood
Douglas fir

Abies -corLcolor
Populus angustifolia
P$uedotsuga menziesii

Total

100
200
100
3,000

Woody plant density standards for success are 900 and 3,000 woody plants per acre for mountain
brush/salina wildrye and aspen/fir/dogwood (including spruce/fir coniferous forest) communities
respectively. If monitoring, during the second year following reclamation, indicates the density
standards are not being met, supplemental stocking of containerized plants will be initiated to
achieve the required standards. Final revegetaticn methods, maintenance, monitoring and sampling
as discussed $qbffi# apply to the Rilda Canyon area.

$urfu.ce Drainaqe Control

Removal of the undisturbed blpass culverts will occur concurrently with pad and access road
removal. The CMP culverts will be removed from the permit area and salvaged. The reclamation
channels will be constructed as described in the Surface Runoff Control Plan found in Volume 3,
Appendix VII. Silt fence with wire mesh backing will be installed for sediment control down-grade
from the reclaimed areas at locations where natural concentration of flows occurs (see Plate 4-1A).
Additionally, numerous depressions will be constructed with a track-hoe bucket to create a
roughened, dimpled surface in the reclaimed areas. The silt fence will be maintained until vegetation
is reestablished sufficient to control sediment.

Maintenance and Monitoring

Rip arian Enhancement. RestqralLion and Miti gation Measures

Riparian habitat mitigation measures will be implemented as part ofthe reclamation ofthe disturbed
Aspen/FirDogwood community. In cooperation with the IJSFS and UDWR, a-reas which may be
benefited by shrub stocking will be identified in the vicinity of the reclaimed Rilda Canyon Facility
site. Cuttings of the following woody species will be planted in the identified areas.
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Woqdy plant
Golden current
Squawbush
Choke cherry
Red-osier dogwood
Woods rose
Willow

rytr
200

200
200

200

200
Total 1,200

Approximately 1,1 acres of Aspen/Fir/Dogwood community is affected by pad and

road construction and reclamation. Therefore, 4.5 acres of adjacent riparian area will be enhanced

through shrub stocking.

RILDA CANYON EARTHWORK
Mass Balance Quantities (cu. yds.)

Refer to Drawing CE-l0891-EM, Sheets 1 through 3

Approximately 10,547.4 cu. yds. of material are required for construction of the facility pad and

road, Only 5,?67.2 cu. yds. will be generated by excavation on-site, leaving a deficit of 5,280.2 cu.

yds. However, approximately 3,7 42.9 cu. yds. of the excavated material is topsoil (see Drawing CE-
I 0866-EM) which will not be used for pad or road construction. Therefore, a total deficit of 9,023. 1

cu. yds. exists (5,280.2 + 3,742.9). This material will be purchased for pad and road construction.

I
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2+30 to 2+80 698.4 0 698.4

2+80 to 5+30 0 8934.2 -8934.2

3+50 to 5+30 3226.2 0 3226.2

g$g.loHl 3924.6 8934.2 -5009.6

2+80 Io 4+7 4 80.0 0 80.0

Constryction 3+03 to 14+26 0 1613.2 -161,3.2

! r.+,iiji:,:.lii

. ,'.t...tliliF
ai:lj;"

.i.',i u:''. l. i:: i 6+93 to 14+26 1762.6 0 1262.6
.1F=g#frlfltflt 

ii

1342.6 16t3.2 -270.6
: !:i :,:ri::l!:!:i::ii

Total 5267,2 10547.4 -5280.2
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Reclamation

2+30 to 5+30 0 7037 .2

2+80 ro 14+26 0 3946.0

2 ea. (25'x8'x20') 296.3

0 11279.5

Material available from pad and road fill
Topsoil salvaged during construction
Total material available for reclamation

Material needed for final reclamation
Excess filI to be hauled to waste rock site

1,0547 .4

37 42.9

14290.3

nm,5
3010.8

RILDA CAI\IYON RECLAMATION COST SUMMARY

ftem
' 'i , ,:i::,:ltj

iirl

174' Binwall 1.1 $ 2,999.00

t7B Parallel Fans 6.8 $ 25,623.00

r7c Pumphouse/water Tank 5.1 $ 15,408.00

17D Substation 1.1 $ 2,779.00

I7E Portals 3.0 $ 5,778.00

17F Culverts and Riprap 3.0 $ 9,241.00

L7G 3.t $ 18,195.00

t7H Revegetation 9.0 $ 9,095.00

T7I Monitoring and

Maintenance
12.0 $ 12,000.00

t7I Supplemental Stocking 2,0 $ 1,025.00

TotaI 47.n $ 1030943.00

Ipp enilir fr frilfr -fi 0l-fr 0 0-fr flfln01fr
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Ite-m

17,q'

178
r7c
17D
l7E
17F
l7G
17H
L7T

171

Desqription Qqqstryc,tion day.s

Binwall 1.1

Pad and road 6.8
Parallel fans 5.1

Pumphouse/water tank 1.1

Substation 3.0
Portals 3.0

Culverts and riprap 3.7

Revegetation 9.0
Monitoring and maintenance 12.0

Supplemental stocking 2.0
Total 47.0

Qost
$ 2,999

25,623
15,408
2,779
7,578
9,241

18,195
9,095

12,000
| ^025

$103,943

Labor rates and equipment costs were obtained from Means Heavy Construction Cost Data, 7th
Annual Edition, 1993. Equipment specifications were obtained from Caterpillar Perfonnance
Handbook, 23rd Edition, October, 1992.
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The following outlines the plan for the proposed final reclamation for the 9,h East North
H:::g:]:: Syf.l portals. Reclamation will be conducted at a time when the portals are nolonger needed to ventilate the mine.

:1t"t-:::j^**-Y::,lt*:-^'-:Tv:n portals*were devetoped as intake and escapeway porrals
I *uY E rr v l,lrr L(llD

l-l?rt:if:*jy^:pjt::i]ifelv eisht (8) feet by sixteen ( 16) feet. rhe portals were developed from
r. roua ro"rr*rir"rJ tr ;;;ffi;#;*L^- T:---, r I

construction.
during reclamation. No topsoil segregation was accomplished with the methods used duringt-nncfrrrnfinrl

According to state and Federal regulations, all lands disturbed by coal mining and reclamationactivities will be backfilled, graded, and revegetated according to an approved plan. The followingdiscusses the applications that will be applied during final reclamation of the two remoteportals.

R645-301-100: General

All requirements in this section have been met and can be found in the Deer Creek MRp, VolumeI, pages 1- l through l -Z l .

Legal llescription of the 9th East North Meetinghouse Canyon portals

Portal #l

Location: Beginning at the sE corner of section 33, Township 16 south
Range 7 East S.L.B.&M., thence, N 39'0g'l 7,,E,gbr.ro feet.
The area within a z0 ft. x 20 ft. portal breakout.

Bureau of Land Management: Fed.eral coal Lease: rJ-47g7g
(refer to Chapter 1, Volume l)

United States Forest Service

Blind Canyon

9th East

October, 1986

None

Subsurface Owner:

Surface Owner:

Coal Seam:

Mine Section:

Date of Development:

Associated Facilities :

futenlil frHfr-E0l-fr00-8. # Ea
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Portal #2

Location:

Subsurface Owner:

Surface Owner:

Coal Seam:

Mine Section:

Date of Development:

As sociated Facilities :

Beginning at the sE corner of section 33, Township 16 south
Range 7 East S.L.B.&M., thence, N 4g"lz,4z"E,6i4.3g feet.
The area within az} ft. x 20 ft. portal breakout.

Bureau of Land Management: Federal coal Lease: ll-47g7g
(refer to Chapter 1, Volume 1)

United States Forest Service

Blind Canyon

9'h East

October, 1986

None

R645-301-200: Soils

The 9th East North Meetinghouse canyon portals consist of two breakouts, each approximately
sixteen (16) feetwide byeight (8) feethigh;located on an extremelysteep slope. Natural coal andsandstone outcrops exist throughout the area. Approximately 0.02 urr*, was impacted. by the twobreakouts' Due to the construction methods used, soil material was not salvaged or stored at the site.The coal seilm is not exposed at the site except althe portal openings. During the backfilling processmaterial which was originally excavated from the portal breakouti and stoied within the mine willbe used to backfill the portal entries.

During the construction process' native soil material was used to construct a berm around thedisturbed area to prevent disturbed runoff from impacting the undisturbed area. This material alongwith native material from the adjacent areas wiil bl utilized to establish a vegetative cover over thebackfilled openings. A certified noxious weed free alfalfa mulch will be incorporated into thismaterial to enhance the organic content ofthe soil. The soil cover will be placed in a roughened stateto enhance moisture retention and to prevent erosion over the reclaimed areas. Rock and otheraesthetically appealing materials will be strategicallyplaced on the reclaimed site to blend the portalsites into the surrounding tenain.

tnnemlix fr 04 I d hI-E 0 0-f : g Pagct
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R645-301-300: Bioloey

Following backfilling and grading, an approved final seed mixture will be placed on the reclaimed
site. Revegetation techniques will be as follows:

* Remove portal collar structure and store in abandoned entries.

S After backfilling with rock material, the portal sites will be covered so that all disturbed
slopes are adequately covered with soil material. Native soil will be utilized as topsoil fill
material at the portal area.

* During soil placement, a certified noxious weed. free alfalfa mulch will be incorporated into
the soil. The soil will be roughened to control runoff and erosion.

* The seed mixture will be broadcast by hand onto the reclaimed slopes. See mixture below.

* The soil surface will be turned lightly by hand raking to cover the seeds.

* Litter material (rocks and tree branches) will be placed on the surface to protect against
erosion,

No
Breakouts

Common Name
GrasSes

Western wheatgrass
Bluebunch wheatgrass
Indian ricegrass
Needle and thread grass

Thickspike wheatgrass

Forbs
Blueleaf aster
Utah sweet vetch
Lewis flax
Globemallow
Yarrow

Shrubs
Serviceberry
Mountain big sagebrush

Scientific Name

Agropyron smithii
Agropyron spicatum
Oryzposis hymenoides
Stipa comata
Agropyron dasystachyu*

Aster glaucodes
Hedysarum boreale
Linum lewisii
Sphaeralcea coccinea
Achillea millefolius

Amelanchier alnifolia

Lbs/Acre
PLS*

3.0
3.0
3.0
1.0

1.0

0.5
1,0

1.0

0.5
0.s

1.0
Artemesia tridentata vasevana 0.5
Total 16.0

The seed mixture listed above was reviewed and approved by the surface management agency (John
Healy, Ferron Office, July 12,2001). Total disturbance before reclamation is approximately 0.02

frwenilil frfr4fr2701-fr00-fr: f rast toril, frrecfinglrnasn Fomts Pege fr
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acres. This equates to approximately 0.32lbs of pure live seed. to complete revegetation at the 9m
East North Meetinghouse Canyon portals.

Performance Standard: As described above, soil resources at the portal site is limited. Dgring the
enhancement project, care will be taken to prevent damage to existing vegetation. Rock litter and
aesthetically appealing materials will be strategically placed on the reclaimed slopes to blend the
portal sites into the surrounding terrain. Portals will be backfilled using rock material from inside
the mine. Soil and native material from berms and adjacent areas will be utilized to establish a
vegetative cover over the backfilled openings.

Weed control will not be undertaken unless it is determined necessary due to weed dominance and
delayed rate of succession. All noxious weeds will be eradicated either chemically or physically if
they become established on the site.

Rodent damage on revegetated areas will be assessed during monitoring periods. Species specific
control measures will be implemented as necessary.

fuinual monitoring will also include inspection for rills and gullies. Should these be present, they
will be filled and the soil reseeded. Rill and gully repair will follow the regulations set forth in the
Coal Rules R645-301-357.360 through R645-301-357.365. As repairs are iecognized, the Division
will be notified and the affected area will be reported in the annual vegetatiottirport.

Because the reclaimed portals are such an insignificant area compared to the area as a whole,
vegetation monitoting will be undertaken as outlined in the following table until the perfonnance
standards have been met. When these standards are met, Phase Itr Bond Release wil bL applied for
and the Division may grant the release. Standards for success are outlined below.

*Monitoring is conducted once per year during the spring.

10 Year Revegetation & ,

Monitoririg''-.t"fi.,# i:# , -.. 
8.1i,:",
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Standards for success: A reference area will be located adjacent to the reclaimed portals. Cover and
diversity of the reclaimed portal areas will be compared to the reference areas.

The line intercept or ocular estimation methods will be used to measure cover and species
composition. As per the Division's recommendations, the shrub density standard is set at zero (0).
Any shrub or woody species found on the site will be recorded by species and numbers and reported
in the annual report. The standards for success to be applied for ground cover on the reclaimed areas
will be at least equal to 90o/o (with ag}Ts confidence level) to that of the respective reference area
at the time of bond release.

At the time of bond release, similarity between the reclaimed area and corresponding reference area
will compare life forms and/or species present in each community by the use of a similarity index.
Indices of similarity provide the means of mathematically comparing the plant communities in the
two areas. One of the three indices, or a combination thereof, found in the Vegetation Guidelines,
Appendix B will be used to determine the similarity between the reclaimed and reference area. If
another index is used, or combination thereof, Division approval will be required. Similarity will
be determined successful when the index value is at least 70% of the reference area.

Protection of Fish and W-ildlife

Fish and wildlife information is provided in the Deer Creek MRP. Since reclamation work with
machinery will be conducted from inside the mine there is not expected to be any sigruficant impact
on wildlife resources.

R645-301-400: Land Use and Air Ouatity

Post-mining land use for the Deer Creek Mine is grazing and wildlife. Given th fact that the portals
are located on extremely steep slopes, this area is only considered for wildlife. It is highly unlikely
that cattle could access the steep ledges in and around the portal areas. Recent site visits found no
signs of any cattle grazing in the immediate area.

R645-301 -500: Ensineerins

As stated earlier, the remote portals were developed for ventilation and emergency escapeways in
1986. At final reclamation the portals will he backfilled for approximately 25 feet inby the openings
using rock material from inside the mine. This will be accomplished using underground mining
machinery. Once the portal entries have been backfilled, a MSHA approved seal will be constructed
using solid concrete blocks. The seal will be chinked into the roof, ribs, and floor of the mine.
Intercepted mine water is not expected to flow from the portals, therefore, the seals will not require
a hydrologic drain.

Non-Coal Waste: The portal areawill be inspected for non-coal waste. All waste materials associated
with the reclamation activities will be removed from the site and disposed of at an approved landfill.

Inpenilfi nHE-E0l-fr00-E: f Fast ltorfi fiecfingfioasc putra$ Pf,gC fr
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The portal liners at each of the breakouts willl be removed to the extent possible and disposed of
inside the mine.

Coal Waste: Recent site inspections found no coal waste at the portal areas. However, if coal waste
occurs during reclamation activities, it will be cleaned up and disposed of inside the mine.

Backfilling: As mentioned, the portal entries will be backfilled using rock material from inside the
mine. Approximately 120 yds3 per portal will be need to accomplish this task. Efforts witl be made
to fill all voids when backfilling. The slope of the rockmaterial at the opening of eachportal will
not exceed 2:1(refer to typical portal seal diagram in R645-301-500: Engineedrg, page 5-3). The
portals have been cross-sectioned and drawn to show construction details ofbackfilling, sealing, and
grading. Refer to Attachment #1 for typical reclamation details.

Grading: The berms protecting the off-site areas contain approximately 2.2 yds3 of soil material
which will be utilized as a vegetative cover. While this is not a substantial quantity, the remaining
material will be taken from the surrounding area using hand tools. Care will be taken to prevent
damage to existing vegetation surrounding the portals. The portal site will be adequately covered so
that all disturbed slopes can support vegetation. Litter material will be placed on the newly graded
soil to control erosion. The area will be revegetated as outlined in R645-301-300: Biology.

R645-301-600: Geology

Refer to Volume I (Geologic Section) for a full discussion of the geology of East Mountain and the
9th East North Meetinghouse Canyon portal areas.

Subsidancei Four enteries were developed for the 9th East North Meetinghouse Canyon portal area.
Only two are broke out into the canyon. No subsidence has been documented or is l*pected (refer
to Arurual Subsidence Reports).

R645-301 -700: Hydrology

This section provides a detailed description of the hydrology, including groundwater and surface
water of the 9th East North Meetinghouse Canyon portal area.

To provide necessary ventilation and emergency escapeways for the Deer Creek Mine, entries were
developed in 1986 from the 3'd North Mains to the North Fork of the Meetinghouse Canyon.
Ventilation breakouts in Meetinghouse Canyon consists of two (2) portals near the head of
Meetinghouse Canyon approximately fifty (50) feet above the canyon floor. Topography in the area
is extremely steep and access is limited.

rwcmIil fr84fr-801-8008: # East llortfi frtcctingfioasc pnrrf,ts Fagc 0
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Groundwater Rgsources

The characteristics and usefulness of a groundwater resource are dependent upon the geology of the
waterbearing strata and on the geology and hydrology ofthe recharge area. Groundw*to rnorrement
and storage characteristics are dependent on the characteristics of the substrafum. To facilitate an
understanding of groundwater of the East Mountain property including the Meetinghou$e Canyon
area refer to Volume 9 - Hydrologic Section for a complete discussion of pertinent regional
hydrologic and geologic features.

Post Mine Gravity Discharge

Post mine gravity discharge will not occur at the 9th East North Meetinghouse Canyon breakouts.

Surface Water Resources

The PacifiCorp permit area, including the Meetinghouse Canyon arean is located in the headwater
region ofthe San Rafael River Basin. The surface drainage system ofthe Meetinghouse Canyon area
is confined exclusively to the Huntington Canyon Creek drainage system (refer to Vol. 9 -
Hydrologic Section: Map HM- 1). For a complete discussion ofthe surface water systems ofthe East
Mountain property including the Meetinghouse Canyon refer to Volume 9 - Hydrologic Section.

The 9th East North Meetinghouse Canyon portal area consists of approximately 0.02 acres of
disturbance located on a north-facing slope in the Meetinghouse Canyon drainagi. Surface flow
prior to the mine development in 1986 consisted of sheet flow downslope until intersecting
Meetinghouse Canyon drainage system. Enhancement of the 9th East North Meetinghouse Canyon
portals will return the area to pre-disturbance overland flow.

Surface Watgr Ouality

Meetinghouse Canyon is an ephemeral drainage which flows to Huntington Canyon Creek. The
portals are located approximately three (3) miles from the confluence ofMeetinghouse Canyon and
Huntington Canyon Creek. Water quality and quantity in Meetinghouse Canyorrl, *onitored above
the confluence with Huntington Creek at site MHC01 as specified in Appendix A of Volume 9 -
Hydrologic Section (referto map HM-t in Volume 9 formonitoring siteiocation). Results of the
monitoring including hydrographs and water quality statistics are reported in the Arurual Hydrologic
Report.

Samnling and Analysis

Water quality sampling and analysis of samples collected by PacifiCorp are conducted according to
the "Standard Methods for the Examination of Water and Wastewater." No groundwater discharge
has occurred from either portal site.

ilppcnilil fr04fr-t01400-fr: f East lrottlt ficctinghoasc pufiab HgeT
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R645-301-800: Bonding,flnd Insurance

The Deer Creek Mine reclamation bond is $2,500,000. Costs associated with this project have been
accounted for. Insurance is provided, refer to R645-301-100:General Contents, Appendix C in
Volume 1.

ilnpcnilil frfr4fr401-100-fr. 9 Ef,sI tMn freetingfiouse pomls Ftgc I
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RECLAMATTON PLAN
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INTRODUCTION

The 9n East breakouts are located in the Right Fork of Grimes Wash and were developed

Jnne 1977 for ventilation purposes and are considered a pre-SMRCA site. The site consisted

of three (3) separate intake portals with concrete collars.

Deer Creek Mine
fh East Breakouts

' ll-ri iiI t'i-r -ri

t ,inlrr{ :tf rt
'i f-,Tfl

:L*U/ I
if.-\ ---i
li i,-].i'"--'L-JI

BREAKOUTS JUNE 1977

IO-I5 FT. HIGH, 550 FI. WIDE

SEALED

HIGHI/{ALL SIRVEY AREA

Breakouts at 9* East were utilized for intake ventilation purposes from lg77 until I gg0 when

they were pemumently sealed according to Mine Safety Health

Final reclamation was completed in December 1g99. Access to

*t
s

R645-301-lnfioduction 9u' East Breakous Reclarnation Plan



accomplished along an access road from the Wilberg Mine portals in the Right Fork of Grires

Wash. The access road served as drainage control for the area below the 9ft East breakouts

(refer to R645-301-700 for hydrologic information pertaining to the 9ft East area.).

The portal site was originally disturbed by coal mining activities dating back prior to 1920's as

documented by Speikerr. Below is an

excerpt from Speiker which documents

the history of coal mining in the upper

Grimes Wash area:

Mines in upper Grimes Wash, -

in each of the forks of Grimes

I{ash is an abandoned mine

(locations 288 [9'h East

BreakoutsJ and 289). The one at

location 289 is the Reed mine,

referred to by Toff'. Both are

very old mines.

The mine at location 288 is

Iargely caved, but the coal appears unafficted by weather, and a sample was taken

for analysis. Little coal has been takenfrom the mine and the enry is only about 75

feet long. A few short rooms have been turned off,

I Speiker, 8.M., 1931, The Wasatch Plateau Coal Field, Utah: U.S. Geological Survey Bulletin 819, p.160.

t Tafl J.A., 1906, The Book Cliffs coal field: U.S. Geological Survey Bulletin 285, p. 300.
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The mine at location 289 is more extensive, but it couldnot be explored in Ig22

because of water. It is a true wagon mine; the road leads directly to the mine mouth

and wagons were driven into the mine, loaded at the face, and driven out again

through a second entry near the first. An older entry south of these two, now caved

shut, probably sert ed to ventilate the mine.

At the both of these mines the coal is about I3 feet thick and is of that hard, massive

Ape characteristics of the field. The road to the mines was in bad condition in ISZZ,

but it is of even gradient, and when well kept it affords a good route for heauy

wagons. "

Remnants from the old mine include two partially open portals, coal handling area south of the

portals and evidence of a wooden coal chute above the current Wilberg Mine Fan.

The following plan will address final reclamation of the 9ft East breakouts including the

access road from the Wilberg Mine fan. Even though the gtr East breakouts are part of the

Deer Creek Mine, because of its location, environmental resources are documented in the

Cottonwood Mine MRP. The plan will use the following format to described the reclamation

project:

R645-30r100

R645-301-200

R645-301-300

R645-301-400

R645-301-500

R64s-301-600

R645-30r-700

R64s-301-800

General

,Sa/s

Biologt

Land Use

Engineering

Geologt

Hydrologt

Bonding

.i
I
I
'!

It
t
1
I

R645-301-lnuoduction ge East Breakoum Reclamation Plan 1/2312001



PACIFICORP

DEER CREEKMII\E
gTH EAST BREAKOUTS
RECLAMATION PLAN

c/01s/018

TABLE OF CONTENTS

REGULATION

R645-301-100

R645-301-l l2

R645-30r-l l3

R645-301-l 14

R645-301-l l5

R645-301-l l6

R645-301-l l?

R645-301-l l8

R645-301-120

R64s-301-130

R645-301- 140

General Contents

Identification of Interests

Violation Information

Right-of-Entry lnformation

Status of Unsuitabilitv Claims

Permit Terms

Insurance

Filing Fee

Permit Application Format

and Contents

Technical Information

Maps and Plans

Pase

Refer to Deer Creek MRP Volume I Pages | - 44

Refer to Deer Creek MRP Volume I Pages | - 44

Refer to Deer Creek MRP Volume I Pages | - 44

Refer to Deer Creek MRP Volume I Pages I - 44

Refer to Deer Creek MRP Volume I Pages | - 44

Refer to Deer Creek MRP Volume I Pages | - 44

Refer to Deer Creek MRP Volume I Pages | - 44

Refer to Deer Creek MRP Volume I Pages | - 44

Refer to Deer Creek MRP Volume I Pages | - 44

Refer to Deer Creek MRP Volume I Pages | - 44

Refer R645-30 l-500 Engineering Section

s*1

" ! !1
\

/11h ',

i1l1..
a

:1

t
I ****-'

i,'.

u23t200r

rF 
F-E"-'.

R645-301-100 Ceneral th East Reclamation Plan



PACIFICORP

DEERCREEKMINE
9TH EAST BREAKOUTS
RECLAMATION PLAN

c/01s/Or8

TABLE OF CONTEI{TS

REGULATION

R645-301-210

R64s-30l-22A

R64s-30 t-23A

R64s-30 r-240

Introduction

Environmental Description

Operational Plan

Reclamation Plan

Page

I

2

6

7

-.------'*

U23/2Wr

]

t
i
i
I
t
I

I
.t
I

'I : a qfti

[ , 1-', , "; Lr'-tr*-
1

"*-*-*-4P@+

;dtft

1-ll.',,1-'l,,tri; 
i i:l - t't-',--F#*n

R645-301-200 Soils th East Reclamation Plan



210. TNTRODUCTTON (R64s-301-210)

As documented in the Introduction Section, 9'h East breakouts are considered as a pre-

SMRCA site. Disturbance originally occurred prior to 1922 and again in June 1977 for
ventilation breakouts for the Deer Creek Mine. Soil classification/salvaging were not

deployed during construction activities for either phase.

i
9e East Reclamation Plari
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220. ENVIRONMENTAL DESCRIPTION (R645.301-220)

This section is comprised of information from Volume 2 Part 2 ofthe Cottonwood Mine

permit. Included in this section is information from a soil survey prepared by Dr. A.R.

Southard, soil scientist, Utah State Universitv.

The 9'h East breakouts are located on a east facing steep slope in the Right Fork of Grimes

Wash. The area is dominated by rock outcrop, rubble land, and shallow soils. As stated in

the Cottonwood MRP (Volume 2 Pafi 2) "Nowhere in the vicinity is there a source of
material which would usually be referred to as "topsoil''. Soil test on the disturbed and

undisturbed areas and coal waste show that the materials in the portal areas should support

selected vegetative materials. Southard reported three major conclusions:

BasicallY, ro topsoil (Horizon A) exists in sufficient quantities to

wanant stockpiling (based on undisturbed adjacent areas).

Existing materials, selectively, are acceptable as a plant growth

medium.

Final reclamation would be enhanced, especially sedimentation

control, by induced grass species.

Dr. Southard classified the soils in the vicinity of the 9'h East breakouts as

T-E_R

E

Typic Ustochrepts-Lithic Ustorthents-Rock Oucrop Loamy-Skeletal, Shallow 40-60% Slopes

These soils are mostly loamly-skeletal and lithic with areas of sandstone outcrops:- Iiffiis
map unit, Typic Ustochrepts make up abou t 50?o,Lithilil;;fr"i, 

"Uott 
zSrZ* and rock
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Outcrop Rubble Land about 20To; included are small areas of Mollisols on north and east

facing slopes.

The Ustochrepts can be generally described as follows: pale brown gravelly loam or sandy

loam surface layer, with 25% sandstone fragments,35 cm thick, underlain by apale brown

gravelly or stony loam, with 35-50% sandstone fragments, 100 cm thick.

The Ustorthents are mostly shallow, underlain by rock within 50 cm of the surface.

Rubble Lands are those areas where the soils are covered by large boulders so close together

that there is little area between the boulders for plants to grow.

Rock Outcrop is exposed areas of bedrock. These areas are often nearly vertical cliff walls in

canyons.

Taxonomic classification (reclassified by Dr. A. R. Southard, May l9S9) is loamy-skeletal

mixed mesic Lithic Ustorthents. Pedon description follows:

0-4 inches; pale brown (lOYR 6/3) very gravelly loam; olive brown

(2.5Y 5/4) when moist; weak, fine granular structure; friable, slightly

plastic; few fine, medium, and coarse roots; common fine and few

medium pores; 55% gravel; moderately calcareous, carbonates are

disseminated; moderately alkaline (pH 8.3); abrupt wavy boundary.
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C

4-14 inches; light gray (2.5Y 7/2) extremely flaggy, fine sandy loam,

light yellowish brown (2.5Y 6/4) when moist; massive; very friable;

few fine, medium, and coarse roots; 40% flagstones; 30% channeres;

strongly calcareous, carbonates are disseminated; strongly alkaline OH
8.S); abrupt smooth boundary.

14 inches: sandstone.

The soil samples contained in the Cottonwood Mine MRP, Volume 2 Part4 were caried out

in conjunction with the Order I soil survey used to classifu the soil types of the surrounding

Coffonwood Mine area. Soil samples were taken at numerous locations to determine the

suitability of the soil forpotential reclamation. The soil sampling referenced in part 2 of the

Cottonwood MRP were carried out in 1980, 1983 and 1989 (referto Cottonwood MRp,

Volume 2,Patt4, "Soils Of The Wilberg Mine Site: Report OnPhysical And Chemical

Analysis"). A series of samples (denoted on Map 2-18 as l1 12-1116) were collected on a

pre-SMCRA fill slope near the proposed reclamation site. The following table lists the

physical and chemical properties of the samples collected in l9g0:

R645-301-200 Soils th East Reclamation Plan
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Wilberg/Cottonwood Mine Soil Samples

Physical Analysis

Sample # Identification Sand silt Clay Texture pH ECe

tIt2 0-6" 63 24 13 SL 8.2 0.6

1113 6-14" 63 26 11 SL 8.4 0.4

l114 t4-2r" 60 27 t3 SL 8.0 r.2

1115 21-31" 57 28 15 SL 8.5 0.7

1l 16 31-45" 58 28 t4 SL 8.4 1.5

Chemical Analysis

Sample # SAR %oM (Ca+Mg) Na OAIK P(ppm)

1112 0.3 4.4 5.2 0.5 0.02 2.9

l1l3 0.3 2.1 4.1 0.5 0.02 2.t

1114 0.4 1.3 9.7 0.9 0.02 0.6

1l l5 0.5 1.5 5.7 0.8 0.02 0.3

1116 0.4 1.3 14.5 r.2 0.02 0.1

Physical Analysis: All of the samples have sandy loam textures, with no apparent

variation with depth.

Chemical Analysis: Soil reaction (pH) ranged from 8.0 to 8.5 with no apparent trends with

increased depth. Sodium Adsorption Ratios were fairly low ranging from 0.3 to 0.5.
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230. SOIL OPERATION PLAN (R645-301-230)

As stated earlier, the 9'h East breakouts are a pre-SMRCA site and topsoil/subsoil material

was not segregated during construction activities. The site was originally disturbed prior to

1922 as documented by Speiker, U.S.G.S. Bulletin 819 (refer to Introduction Section). A

baseline survey was conducted to determine the quantities of available spoil material to be

used as backfill (refer to Map DSl785D). Based upon the survey, adequate fill existed to

create overland flow at the portal site and along the access road. Reclamation techniques and

specific quantities will be discussed in the Engineering Section.

Drawing DS1785D delineates the total disturbed area of the 9th East breakout area and access

road. A Mass Diagram Table is provided on drawing DSl785D. A total of approximately

0.6 acres was reclaimed involving the portal terrace area and the access road.

.t*rF-t*

i
i

J\Tnnir\'/ t
:i

1

vz11200r'
.''1

--*t**-t' 

''-

R645-301t00 Soils th East Reclamation Plan



24t. RECLAMATIONPLAN (R645-301-240)

Material from the berms located in front of the portal sites and along the access road was

used as backfill as depicted on Drawing DS1785D. Material was backf,rlledto approximately

2:l slope as depicted on Drawing DSl788D. Quantities for spoil distribution onthe portal

sites and access road are provided on Drawings DS1785D (Proposed Reclamation) and

DSl788D (Final Reclamation). Salvaged material was used in the reclamation of the portal

terrace andthe access road from the portals to the Wilberg Mine Fan. Approximately 1,375

cubic yards of spoil was used in the reclamation of the portal terrace and access road (refer to

Drawing DS 1788D Final Reclamation Map).

Spoil material from the berms was removed by excavator and distributed and placed at the

designated locations as indicated in Drawing DS1785D. (All material locations were staked

to show crest and toe of slope). Material was compacted with the bucket of the excavator.

Soil stabilization: Compaction efforts were applied as lifts of material were placed. Large

boulders were removed to allow proper compaction. Various sized rocks and boulders were

randomly positioned along the portal terrace and along the access road to enhance vegetation

establishment, create micro habitats, provide slope containment and to help provide natural

esthetic appearance.

Erosion control: Deep gouging has been used to control sediment at the 9th East breakouts.

These techniques require a track-hoe or similar machine to roughen the disturbed area in a

random and discontinuous fashion using the bucket. Pockmarks created are approximately

three (3) feet in diameter and one and half (l yr) feet deep. The pockmarks are designed to

capture or trap precipitation, influencing infiltration. Gouging serves to control erosion

R645-301-200 Soils th East Reclamation Plan



through water retention, thus enhancing vegetation growth. Because of the water retaining

capabilities of deep gouging techniques, contribution of sediment above background levels

are not expected- AII exposed surfaces were protected and stabilized as discussed in R645-

301-300

Fertilizers and seed mix: Refer to Biology Section R645-301-300.

R645-301-200 Soils th East Reclamation Plan
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310. INTRODUCTION

This section contains information provided from the Cottonwood MRP.

The revegetation section has a seed mix that eliminates all introduced species and utilizes

other species proven in field growth as determined from monitoring. Drawing DS-1785D,

depicts the past disturbance topography, allowing improved details to determine quantities

and areas.

The fish and wildlife resource information provides an updated map of raptor nesting

locations, status sheet of nest locations (refer to R645-301-300 Appendix A), and a reference

letter of endangered species (refer to R645-301-300 Appendix B).
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320. ENVIRONMENTAL DESCRIPTION (R645-301-320)

This section contains information from Volume I and Volume 2 of the Cottonwood MRp.

updated information on endangered and threatened species, and the 1999 raptor survey

results.

Results of the 1999 raptor survey nearthe 9ft East breakouts/Cottonwood Mine Area are

included in R645-301-300 Appendix A. A status sheet for raptor nests has also been

included (referto R645-301-300 Appendix A). As shown on Figwe I (referto R645-301-

300 Appendix A), two (2) Golden Eagle nest sites (63 IA and752 A-zC) were identified

during the 1999 survey within the Grimes Wash area. Reclamation activities at the 9'h East

breakouts was conducted during December 1999 and did not interfere with the raptor

breeding season. A letter from the Fish and Wildlife Service has been included that lists

endangered and threatened species that may occur in this area (refer to R645-301-300

Appendix B).

A reference copy of the wildlife resources information on pages 2-159 thru 2-174 from

Volume 2 ofthe Cottonwood MRP has been included (refer to R645-301-300 Appendix C).

These pages contain information on wildlife habitat and vegetation for the Coffonwood Mine

Site Area.

The Vegetation Information for the Cottonwood/Wilberg Mine Area report by Jerry R. Baker

dated July 1982 has been included inthis section (referto R645-30I-300 Appendix D). This

report contains detailed information of vegetation in the disturbed area.

liE3/2001
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330. OPERATIONPLAN(R64s-301-330)

The 9th East breakout terrace area includes 0.40 acres of disturbed habitat. The access road

from the Wilberg Mine fan to the portal terrace contains an additional 0.2 acres. The total

area reclaimed in 1999 was approximately 0.6 acres.

R645-30t-300



340. RECLAMATTONPLAN(R64s-301-340)

Reclamation techniques of the 9'h East breakout area is detailed in R645-301-500. Seeding

and planting measures are included in this section under Performance Standards.
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350. PERFORMANCE STANDARI}S

Seed mixture for the 9th East breakout was based upon the mixture utilized for the

Cottonwood Fan Portal reclaimed in 1998. The seed mix as suggested by the Division has

been included (referto R645-301-300 Appendix E). Inthis seed mix, all introduced species

were eliminated' The mixture was also supplemented with other species proven in field
growth monitoring at the Trail Mountain test plots. Revegetation techniques including issues

such as slope, erosion control, and seed protection are outlined in R645-301-353 .120.

Disturbed areas associated with the 9'h East breakouts (portal terrace 0.40 acres, access road

0.20 acres) total about 0.60 acres. Elevation is approximately 7,800 feet with a east and

southeast exposure. Slope of the project area varies from 35-40". The native plant

community is dominated by Utah juniper and pinyon pine. Common grasses are Salina

Wildrye, Western Wheatgrass and Indian Ricegrass. Soils are moderately alkaline and saline

(results of soil analyses are given in the R645-301-200). Surface soil texture is a silt loam.

As discussed previously, this site is a pre-SMCRA site that was originally disturbed prior to

1922 and again in 1977 and soil salvaging was not implemented in either phase.

During the final revegetation, the slopes were deep gouged in a random and discontinuous

fashion. Pockmarks created are approximately three (3) feet in diameter and one and half (t
t/z) feet deep. The pockmarks are designed to capture or trap precipitation, influencing

infiltration. Gouging serves to control erosion through water retention, thus enhancing

vegetation growth.

R645-301-300



Ammonium Nitrate 40 lbs./acre

Triple Superphosphate 3 5 lbs./acre

Pocking techniques mixed the alfalfa mulch and fertilizer into the upper portion of the soil.

The seed mixture was broadcast using a "hurricane spreader". After seeding the area was

hand raked to cover the seeds.

Next, a wood fiber mulch was applied at a rate of 1000 lbs.iacre. A tackifier (Eco

Aegis/Fiber Mulch) was added to the mulch and applied at a rate of 500 lbs/acre. Mulch and

tackifier was applied simultaneously.

REVEGETATION (R64s-30 I -3s3. 1 20)

Seed Mixture: The following table list the seed mixture that has been established for the

disturbed Pinyor/Juniper habitat. Pinyon/Juniper habitats are those areas that have a high

exposure to sunlight. These areas are typically drier and need grass growth early on for

moisture retention and soil stabilization.

R645-301-300



Grasses
Bluebunch Wheatgrass Agropyron spicatum 3.0

Big Bluegrass Poa ampla 0.5

Great Basin Wild Rye Leymus cinereus 2.0
Indian Ricegrass Oryzopsis hymenoides var.

Paloma

3.0

Thickspike Wheatgrass Agropyron dasystachyum var.

Critana

2.0

Western Wheatgrass Agropyron smithii var, Rosanna 3.0

Forbes
Blueleaf Aster Aster glaucodes 0.5

Blue Flax Linum lewisii 1.0
Louisiana Sage Artemisia ludoviciana 0.2

Northern Sweewetch Hedysarum boreale 1.0
Palmer Penstemon Penstemon palmeri 0.5

Shrubs
Big Sagbrush Artemisia tridentata var.

wyomingensis

0.5

Curleaf Mahogany Cercodarus ledifolius 2.0
Fourwing Saltbush Atriplex canescens 3.0

Saskatoon Serviceberry Amelanchier alnifolia 1.0
Whitestem Rubber Rabbitbrush Chrysothamnus nauseosus 4.2

Final reclamation Acres: Drawing DSl788D shows seeded locations for final reclamation.

Areas depicted total 0.60 acres. Revegetation procedures of the 9th East breakout terrace and

access road were outlined previously.

Maintenance, monitoring:

The area will be entered onlv

R645-301-300



Weed control will not be undertaken unless it is determined necessary due to weed

dominance and delayed rate of succession. All noxious weeds will be eradicated either

chemically or physically if they become established on the site.

Rodent damage on revegetated areas will be assessed during monitoring periods. Species

specific control measures will be implemented as necessary.

Annual monitoring will include inspection for rills and gullies. Should these be present and

affect reclamation success , they will be filled and the soil reseeded. For repaired areas larger

than 15% of the total reclaimed area, the Division will be notified and the affected area will
be reported in the annual vegetation report.

The following table establishes a monitoring program that extends through the responsibility

period of the bond:

Deer Creek Mine: 9th East Breakout Terrace and Access Road Reclamation Schedule
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*Monitoring is conducted twice per yeax during the spring and fall.
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Disturbed Area Final Reqlamatign Contour Map: Drawing DS-1782-D

Final Recl amation Cro s$ - S ections, D eer- Creek C Anyon :

Drawing DS-U83-D, 1 of 2. 2 of 2

Fipal Reclamation Cross-Sectio:ns,Elk Canyon. Deer Canyon, and Coal Bin:
Drawing DS-1784:D

Disfurbed Ar.ea, Substitute Tppsoil Cpveragg Areas: DS-l816:D



PACIFTCORP

ET{ERGYWEST MTNIITG

I)eer Creek Mine
ct015/018

Mining and Reclamation Plan

Appendix R645-30 I -500-D

Hi ghwall Eliminati.on Plan



ec$fiecilirc
Highwall Reclamation:

Final reclamation of highwalls at the Deer Creek Mine is accomplished in three phases. These
phases follow strict requirements set forth by the Utah Coal Rules R645-301-l0gthrough g00.
Highwalls at the Deer Creek Mine wsre inventoried by the Division of O4 Gas and Mting in
1997 - Seven areas of concern were found and axs discussed below. Four of the areas are
highwalls constructed prior to the ruling (May 3,1978) of the Sgrface Mining Control and
Reclamation Act (SMCRA), One highwall was constructed after that date. Sitis corutructed
prior to May 3, 1978 need only to eliminate highwalls to the extent practical using all reasonably
available spoil' All post SMCRA sites are rsquired to completely eliminate highwails.

During Phase I of final reclamation, backfilling and grading operations will be conducted.
Drainage control and replacement of topsoil will be accotoptl*nia during this phase. During
Phase II, the areas backfilled and graded during previous phase will b- reseeded with an
approved seed mix as outlined in R645-301-300: Biology, pnge 3-2 through 3-5. phase III,
relates with all essential monitoring requirerents as required bythe Utah Coal Rules.

The backfilling and grading section below pertains to Phase I of final reclanration and describes
each of the areas of concern evaluated by the oversite team who's goals are to eliminate
highwalls by restoring them to their approximate original contour. Foi a visual rendition of
Plmse 1 final reclamation" refer to the photo essay at the end of this section. Also refer to
backfi[ing/grading cross-sections and final contoru Drawings DS-l1BZ-D through DS-l 7g4-D
in Appendix R645-30 1 -500-C.

Backfilling and Grading (Pre-SMCRA) :

Intake Portals

Once the portals have been sealed and backfilled by the approved portal sealing plan on
p4ge 5-3 in this chapter, the concrete retaining wall and portal casings will be broken up
and used as fill. Shotcrete will be removed from the cut-slope above the portal area as
much as possible to return the area to its natural state. Existing spoil rnaterial will be
utilized to backfill the area of the three intake ponals. Because these portals are pre-
SMCRA, highwall elimination to the extent practical using all reasonably available spoil
is necessary. The highwall \rrill be backfilled to an approximate slope of i:l as diagrarned
in the typical cross-section of Figure l.
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Figrue 1: Typical cross-section of the Intake Portal highwall area.
Belt portal:

Once the belt portal has been sealed by the approved portal sealing plan on 5-3 in this
chapter, the concrete casing will be broken up and used as fill. The portal will then be
bacldlled and graded. Existing fill will be used to backfill the area to an approximate
slope of 2:1 as diagramed in the typical cross-soction of Figure 2.

EtLT POR|A!

Figure 2: Typical cross-section ofthe Belt Portal highwall area.
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Fan Portal Pad:

Once the fan assembly has been removed, the ventilation shaft will be sealed from inside
the mine. Any concrete structwes remaining will be broken up and used as fill for the
shaft. The remainder of the shaft will be bacldlled using spoil material Deer Creek Mine
site. The remaining fill material will be used to bacldll to an approximate slope of 2:1.
The berm area will be cut and placed on the fill area to blend in with the existing slope. A
qryical cross-section of the fan pad reclamation is diagramed in Figure 3.

7675

7680

7670

7t60

7610

?o
TeJo S

d
7em

76t0

7E{n

75SO

7580

-"
Cross Section of Fon Pod

Frgure 3: Typical cross-section of the Fan Portal pad.

Old-McKinnon Fan Portals

Upon removal of the structures at the Old McKinnon Fan Portal site, the portal will be
sealed from outside the mine following the approved portal sealing plan found on page 5-
3 in this chapter. The area will be backfilled and graded using existing fill material on the
pad to an approximate slope of 2:1 as diagramed in the typical cross-section of Figrne 4.
The berm area below the existing ROM beltline will be cut and used as fill to blend the
pad and roadway area with the existing slope of the highwall area.
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Figure 4: Typical cross-section of the old McKinnon Fan Portal.

fth East Portals above Wilberg Mine

The fth east portals were reclaimed in the fall of 1999. Refer to the discussion of the
reclamation activities as provided in Appendix R645-301-500-8.

There are no highwalls associated with the two intake portals. The portals will be sealed
from inside the mine according to the approved sealing plan on page 5-3 of this chapter.

Backfilling and Grading (Post-SMCRA)

Rilda Canyon Breakouts

See Reclamation Plan in Appendix R645-301-500-8.
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Photo Essay

Highwall Elimination at the
Ileer Creek Mine

ACTl}rsl0lI

Contents:

I Intake Portal Area
I Belt Portal Area
t Fan Portal Area
r Old McKinnon Fan Portal Area



Intake Portal Area

Information:

. Pre-SMRCA, Constructed in 1970

I Number of Portals - 3

I Location - Behind Shop and Material Shed











Belt Portal Area

Information:

o Pre-SMRCA, Consffucted in 1970

t Number of Shafts - I
o Location - Behind Deer Creek Main Office Building
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Main Fan Shaft Area
Information:

I Pre-SMRCA, Constructed in 1977

. Number of Shafts - 1

I Location - Above Deer Creek Main Office Buildine









Otd McKinnon Fan Portal Area

Information:

I Pre-SMRCA, ConstructedPre-1970's

t Number of Portals - 2

I Location - South of ROM Beltline
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RB&G
ENGItrI"EERING
INC.
1435 $ilEs'r 820 NORTIT
PROVO. rrT 81601-1343
EOl J74-5771 Provo
801 521-5771 SLC

June 23,2000

Dennis Oakley
Energy West Mining Co.

P.O. Box 310

Huntington, UT 84526

Dear Mr. Oakley:

This report outlines the results of a geotechnical investigation performed

for the Deer Creek Mine Reclamation Project near Huntington, Utah.

The purpose of this investigation was to determine the characteristics of
the subsurface material throughout the site and perforrn slope stability
analyses such that design recommendations can be made with regard to

the final slopes proposed for the reclamirtion project. Specific areas

involved in the study include the mine fan area, intake portal area, waste

rock storage areas I and 2, and at the coal bin'area. The investigation

has been completed in accordance with a written proposal submitted to

your organization for the work, and the results of the investigation, along'

with pertinent recommendations for design, are outlined in the following
sections of this report.

The information contained in the report is discussed under the following
headings: (l) Geological and Existing Site Conditions, (2) Subsurface

Soil and Water Conditions, and (3) Slope Stability Analysis and

Recornmendations.

I. GBOLOGICAL AND EXISTING SITE CONDITIONS

The Deer Creek Mine is locate in the Colorado Plateaus Physiographic

Province. Bedrock in the area consists of upper Cretaceous age,

Starpoint and Blackhawk Formations which generally consist of
sandstone, shale, siltstone and coal seams. The coal seam were not

exposed on the outcrops in this area due to old burns, which have left
several red burnt zones. The bedrock is generally dipping approximately

3 to 5 " in a northeasterly direction. Photo I shows an overview of the

site from the west end.

Waste Rock Storage Area 1 (Drill Hole 1) consists of fill material with
a flat pad o4 the top with steep slopes to the south as shown if Photo 2.
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July 6, 2000

Sandstone bedrock forms ledges and cliffs while shaley zones form steep slopes to the north. The

top pad is currently used for equipment and storage. There is no vegetation growing on top, with

some natural grasses and brush along the southern slopes.

The Fan Area is located along the western edge of the study (Drill Holes 2 and 2A ). This area

consists of a small pad created by a combination of cut and fill into the bedrock and alluvium to the

north. Shaley slopes and sandstone ledges and cliffs are exposed to the north with an alluvial slope

to,the south as shown in Photo 3. A very large sandstone boulder approximately 15 to 20 feet wide

is located just west of Drill Hole # 2. The southern slope is covered with natural grasses and brush.

Shotcrete has been sprayed along the steep cuts to the north to help stabilize the slope. Some

ground-water was seeping from areas within the cut.

The Portal Area is located along the southern toe of the natural slopes. The roadway along this area

has been cut back slightly into the slopes (Drill Holes 3,4,5 and 7) as shown in Photo 4. Along this

section, mine portals have been cut into the hillside with a small concrete wall about 3 to 6 feet high

along the toe of the slope. Shotcrete has been sprayed across the slopes near the portal entrances.

Near the center of this area by Drill Hole 4 the colluviurn along this slope is unstable and has been

monitored for some sliding for several years. Reclarnation in this area will lessen the steepness of

this slope, making it stable.

Waste Rock Storage Area 2 is located at the southeast end of the study area (Drill Hole 6). This area

consists of shaley slopes and sandstone cliffs to the west with the Elk Canyon stream channel

beneath the existing fill and roadway to the east as shown in Photo 5. Very little vegetation is found

growing on the highly coal covered slopes in this area

The study area is located within 20 miles of several active faults. The Joes Valley Fault zone is

located less than 10 miles to the west, with the Pleasant Valley fault zone located less than 20 miles

to the northwest. While current seismic data shows the mine to be located in a very seismically

active area, many of the recorded earthquakes in the region have been attributed to rockbursts

associated with coal mining and not deep tectonic events. Due to past and potential seismic activity

rhis area is classified as being within Seismic Zone2B, according to the 1997 edition of the Uniform

Building Code (UBC).

Other than the information provided above,

adversely effect foundation perfofinance.

)

no conditions appear to exist at this site which would

l''Lffimffift
RB&G ENGINEERING INC.
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Deer Creek Mine Reclamation Project, 200001-035
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2. SUBSURFACE SOIL AND WATER COII{DITIONS

A. FIELD INVESTIGATIONS

The characteristics of the subsurface material within the reclarnation project area were defiired
by drilling I borings at the approximate locations shown in Figure l. The test holes were drilled
with a CME-55 rotary rig using water as the drilling fluid and a rock bit with NW drive casing
to advance the holes through the overburden. Continuous coring of the bedrock was performed
using an NQ core barrel.

During the subsurface investigation, sampling was performed at three- to five-foot intervals in
the overburden throughout the depth investigated. Both disturbed and undisturbed samples were
obtained during the field investigations. Disturbed samples were obtained by driving a 2-inch
split spoon sampling tube through a distance of l8 inches using a 140-pound weight dropped
from a distance of 30 inches. The number of blows to drive the sampling spoon through each
6 inches of penetration is shown on the boring logs. The sum of the last two blow counts, which
represents the number of blows to drive the sampling spoon through l2 inches, is defined as the
standard penetration value. The standard penetration value provides a good indication of the in-
place density of sandy material; however, it only provides an indication of the relative stiffness
of the cohesive material, since the penetration resistance of materials of this type is a function
of the moisture content. Considerable care must be exercised in interpreting the standard
penetration value in gravelly-type soils, particularly where the size of the granular particle
exceeds the inside diameter of the sampling spoon. If the spoon can be driven through the full
18 inches with a reasonable core recovery, the standard penetration value provides a good
indication of the in-place density of gravelly-rype material.

Miniature vane shear tests, which provide an indication of the undrained shearing strength of
cohesive materials, were performed on samples of the clay soil during the field investigations.
The results of these tests are shown on the boring logs as the torvane value in tsf.

Undisturbed samples were obtained by pushing a thin-walled sampling tube into the subsurface
' material using the hydraulic pressure on the drill rig. The location at which the undisturbed

samples were obtained are shown on the boring logs.

Continuous coring was performed in the bedrock. The cores were characterized by determining
the percent recovery and the Rock Quality Designation (RQD) for each core interval. Both the

tr,
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percent recovery and the RQD are shown on the boring logs. The RQD is defined as the percent
of material within the core interval which has core lengths greater than 4 inches.

The location and depth of the 8 borings are summarized below:

TEST,1
HOLE HO.

AREA r-ocATtoN . DEPTH..:

1 WASTE ROCK STORAGE AFIEA 1 (fitl) STA. 14+00 / DEER CREEK DRAINAGE 26.5'
2

2A
MINE FAN AREA
MINE FAN AREA

STA. 28+00 / DEEFT CREEK DHAINAGE
STA, 27+251DEER CREEK DRAINAGE

11.5'
31'

7
3
4
5

PORTAL AHEA
BELT PORTAL AREA
PORTAL ABEA
PORTAL AREA

STA. 24+00 / DEER CREEK DRAINAGE
STA. 22+00 / DEER CREEK DFIAINAGE
STA.21+00/ DEER CREEK DRAINAGE
STA. 0+00 / DEEH DRAINAGE

18.5'
26'
s?',

19'

6 WASTE ROCK STOHAGE AREA 2
COAL STOFIAGE PAD

STA. 5+00 / ELK CANYON DRAINAGE 45.5'

The logs for the eight borings are presented in the Test Hole Log section of this report, and are
discussed separately below for each area:

(l) Mine Fan Area (Sta.27+25 - 28+00, Deer Creek Drainage)

The characteristics of the subsurface rnaterial in this area were defined by drilling two
borings (DHz and DH2A) to depths of I 1 .5 and 3l feet, respectively. The location of these
borings are shown in plan view on Figure I and in profile view in Figure2. It will be
observed from the boring logs that the soil profile consists of interbedded layers of sandy
clay with gravel, clayey gravel with sand, and silty sand with sandstone boulders. The results
of the standard penetration tests indicate that the granular materials are in a relatively dense

condition. The results of standard penetration and miniature vane shear tests indicate that
the cohesive soils are in a firm to stiff condition. No groundwater was encountered within
31.5 feet investigated at the time drilling was performed (April 2000).

(2) Portal Area (Sta. 2l +00 - 25+00, Deer Creek Drainage, & Sta. 0+00, Deer Drainage)

The characteristics of the subsurface material in this area were defined by drilling four
borings (DH7, DH3, DH4, and DH5) to depths varying from 18.5 to 32 feet. The location
of these borings is shown in plan view on Figure I and in profile view in Figures 3 through
6. It will be observed from the boring logs that the soil profile in Test Holes 3, 4 and 7 is

r]; ji.1,fi+:H#.wffi,ffiffi,*.:;1.*i1##piffi.?,$fi$ ffii".rldffi4gifffffin$H
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similar consisting predominantly of interbedded layers of sandy clay with gravel and clayey
gravel with some coal and sandstone rock fragments. Bedrock was encountered at a depth
of 2 I feet in Test Hole 4. The granular material varies from medium dense to dense, and the
cohesive soil ranges from soft to stiff. Bedrock, consisting of siltstone and mudstone, was

encountered in Test Hole 5 at a depth of 5 feet. The soil above 5 feet consisted of clay and
coal with.sandstone gravel fragments in a relatively stiff condition. The bedrock from 6 to
19 feet was cored, resulting in a recovery ranging from 90 to 97To and a RQD varying from
23 to 80. Water was measured at a depth of I I .4 feet below the ground surface in Test Hole
4 two hours after drilling, and at 7 feet below the ground surface in Test Hole 7. The water
level in Test Hole 5 was near the surface after drilling.

(3) Waste Rock Storage Area I (Sta. 14+00, Deer Creek Drainage)

The characteristics of the subsurface material in this area were defined by drilling one boring
(DHl) to adepth of 26.5 feet. The location of this boring is shown in plan view on Figure
I and in profile view in Figure 7. Itwill be observed from the boring log that the soil profile
consists of lean clay with gravel and clayey gravel, with sandstone and coal fragments, which
appears to be fill. The granular material varies from medium dense to dense, and the clay
appears to be in a relatively stiff condition. No groundwater was encountered in this test
boring,

(4) Waste Rock Storage Area 2 (Sta. I +00 - 6+00, EIk Canyon Drainage)

The characteristics of the subsurface material in this area were defined by drilling one boring
(DH6) to a depth of 46.5 feet. The location of this boring is shown in plan view on Figure
I and in profile view in Figure 8. It will be observed from the boring log that the soil profile
consists of interbedded sandy clay, coal and clayey gravel with cobble and boulder size rock
in the lower portion of the profile. This material appears to be fill with wood debris
encountered at some locations. Groundwater was encountered at a depth of about 42.5 feet
in this boring.

B. LABORATORY TESTING

Each sample obtained in the field was classified in the laboratory according to the Modified
Unified Soil Classification System. The symbol designating the soil type according to this
system, is presented on the boring logs, A description of the Modified Unified Soil

i;{riffi
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Classification System is presented in the Test Hole Log section, and the meaning ofthe various I

symbols shown on. the boring logs can be obtained from this figure. It will be observed that the

sandy material classifies as SC, SM, and SP+ype material, and that the gravelly soils classifr

predominantty as GC-type material with some GM and GP. The cohesive soil is a lean clay

classifying predominantly as CLtype material.

l,aboratory tests performed during this investigation to define the characteristics of the

subsurface material throughout the proposed site included in-place dry' unit weight, natural

moisture content, Atterberg Limits, mechanical analyses, and direct shear tests. A summary of
all laboratory tests performed during this investigation, with the exception of the direct shear

tests, is presented on Table I Summary of Test Data in the l,aboratory Testing section of this

report.

It will be noted from Table I that the in-place dry unit weight of samples tested on the cohesive

soil obtained from Test Holes 3 and 4 is 10O.7 and 98.3 pcf, respectively. The natural moisture

content of the cohesive material ranges from 13.4to20.7%. The liquid limit ranges from l8 to

3 I , and the plasticity index varies from non-plastic to I 3 . The natural moisture content of the

granutar material ranges from 5.8 to 14.7.Eo, with between 13 and33%o in the silt and clay size

mnge.

Two consolidated undrained direct shear tests were performed on samples of the cohesive

material obtained from Test Holes 3 and 4 at depths of 12 and 15 feet, respectively. The results

of these tests are presented in the Laboratory Testing section. It was not feasible to cut

undisturbed ring samples from the sample obtained in Test Hole 3, due to sand and small gravel

fragnents. The sample was sieved and the minus No. 4 material was remolded and placed into

the direct shear apparatus at the approximate dry unit weight of the sample obtained from the test

boring. It was possible to cut rings for the direct shear tests from the undisturbed sample

obtained from Test Hole 4. Both samples were saturated prior to testing. It will be obs€rved

from the direct shcar charts that a friction angle of 3 I .2 " with a cohesion of 2 psi was obtained

for the sample from Test Hole 3, and a friction angle of 41.3' and a cohesion of 2 psi was

obtained for-the sample from Test Hole 4'

3. SLOPE STABILITY ANALYSES AND REGOIITMEI\DATIONS

The stability analyses have been performed using a computer mQdel of Spencer's Method known as

UTEXAS 2. Spencerb Method satisfies both force and moment equilibrium and is considercd to be

RB&G ENGINEERING INC.
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a satisfactory method of solving slope stability problems. The analyses are included in the appendix
and the results of the analysis for each area are discussed separately below as follows:

A. MINE FAN AREA (STA. 28+OO, DEER cREEK DRAINAGE)

Figure 2 shows the existing and proposed final ground surface at Station 28+00, It will be
observed that the plan includes backfilling and flattening the slope adjacent to the portal entry
area and removing fill from the downhill side of the existing pad. The soil profile defined by
Test Hole 2A consists of interbedded layers of sandy clay with gravel, clayey gravel with sandn
and silty sand with sandstone boulders. The granular materials are in a relatively dense
condition, and the cohesive material varies from firm to stiff. The strength parameters from the
direct shear test for the cohesive material in Test Hole 3 are considered conservative for this are
and have been used in the slope stability analysis. The total stress analysis perfoimed for the
slope results in a factor of safety of 2.05 as shown in Figure 2. It is our understanding that a
drainage layer is planned beneath the backfill adjacent to the portal slope to intercept perched
water which may exist in the slope and prevent pore pressures from developing within the fill.
It is our opinion that the proposed reclaimed slope will be stable as designed.

B. PORTAL AREA (srA. 24+00, 23+00 & 2l+00, DEER cREEK DRATNAGE)

Figures 3,4,and 5 show the existing and proposed final ground surface at Stations 24+00,
23+00, and 21+00. A slope stability analysis has been performed for Station 2l+00, and the
results are shown in Figure l. It will be observed from this figure that a finished slope of Z
horizontal to I vertical is proposed for this area. The strength parameters obtained from the
remolded sample in Test Hole 3 have been assumed for the slope, resulting in a factor of safety
of 2-3, as shown in Figure 5. It will be observed from Figures 3 and 4 that the finished slope will
vary from about 3.5 horizontal to I vertical, to 7.5 horizontal to I vertical at Stations 24+00 and
23+00. The soil profile in Test Holes 3 and 7 is similarconsisting predominantly of interbedded
layers of sandy clay with gravel and clayey gravel with some coal and sandstone rock fragments.
It is obvious that these slopes will be stable with a factor of safety in excess of 2.

C. PORTAL AREA (srA. 0+00, DEER DRATNAcE)

Figure 6 shows the existing and proposed final ground surface at Station 0+00 of the Deer
Drainage. Test Hole 5 identifies a 5 foot clay with coal and sandstone gravel fragments layer,
underlainbybedrock. Africtionangleof 31" andacohesionvalueof l00psf hasbeenassumed

wpjg ffi.
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for this layer. The hillside and proposed backfill has been assumed to be a clayey gravel with
strength parameters similar to those obtained from the direct shear test for Test Hole 3. The
proposed slope of the backfilled area is about 1.5 horizontal to 1 vertical. It will be observed that
a factor of safety of 1.46 was obtained for the finished slope. Flattening rhe slope to l.T5
horizontal to I vertical increases the factor of safety to greater than 1.5. If a drainage layer is
installed beneath the proposed fill in this area to intercept any perched water from the natural
slope, it is our opinion that the 1.5: I slope will be satisfactory.

D. WASTE ROCK STORAGE AREA I (srn. 13+00, DEER cREEK DRATNACE)

It will be observed that the reclamation effort in this area will include a cut and fill operation,
resulting in a finished slope of about 3 horizontal to.l vertical. The soil profile in Test Hole I
consists of lean clay with gravel and clayey gravel, with sandstone and coal fragments, which

- appears to be fill. The granular material varies from rnedium dense to dense, and the clay
appears to be in a relatively stiff condition. It will be observed from Figure 7 that a factor of
safety of 2.3 was obtained, which is entirely satisfactory for this area.

E. WASTE ROCK STORAGE AREA 2 (srn.5+00, ELK cANyoN DRATNAGE)

Figure I shows the existing and proposed final ground surface at Station 5+00 of the Elk Canyon
Drainage. It will be observed from this figure that a cut and fill operation is proposed, resulting
in a finished slope of 2 horizontal to I vertical. The soil profile in Test Hole 6 consists of
interbedded sandy clay, coal and clayey gravel with cobble and boulder size rock in the lower
portion of the profile, This material appears to be fill with wood debris encountered at some
locations. A friction angle of 31" and acohesion of l00psf hasbeenused in the analysis forthe
fill, resulting in a factor of safety of 1.58. It is our understanding that a drainage layer will also
be placed beneath the fill in this area. It is our opinion that the proposed design will be stable
with an adequate factor of safety.

F. WASTE ROCK STORAGE AR;A 2 (sra. 2+00, ELK cANyoN DRATNAGE)

It will be observed from Figure 9 that a substantial fill is planned for this area. We understand
that the material to be used in the proposed fill will be primarily concrete and asphalt debris. An
assumed friction angle of 3 8 " and 0 cohesion has been used for this material in the analysis. It
has been assumed that the underlying soil will consist of clayey gravel and gravelly clay, and a
frictionangleof 3lo and l00psf cohesionhasbeenusedforthismaterial. Afactorof safetyof

ilffiffiisir #iIif#e
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1.2 was obtained for the proposed slope of 1.5 horizontal to I
to 1.75 horizontal to 1 vertical, results in a factor of safety of
finished slope be 1.75 horizontal to I vertical, or flatter.

vertical. Flattening the fill slope

1.36. It is recommended that the

It,is recommended that all fill material, excluding the concrete and asphalt debris, be placed in lifts
not exceeding I foot in thickness and compacted to an in-place unit weight equal to at least gOVo of
the maximum laboratory density as determined by ASTM D 698. It is recommended that the
concrete and asphalt debris be placed in lifts not exceeding 2 feet in thickness and compacted using
4 passes of a lO-ton vibratory roller, or equivalent.

The conclusions and recommendations presented in this report are based upon the results of the field
and laboratory tests, which in our opinion, define the characteristics of the subsurface material
throughout the site in a satisfactory manner. It should be recognized that soil rnaterials are inherently
heterogeneous and that conditions may exist throughout this site which could not be defined during
this investigation. If during construction, conditions are encountered which appear to be different
than those presented in this report, it is requested that we be advised in order that appropriate action
may be taken.

Sincerely,

RB&G ENGINEERING.

';,,df't

RB&G ENGINEERING INC. Deer Creek Mine Reclamation project, 200001-035
K : \BRA D\GEO\DeerCrkMine. 600
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Test Ilole Logs



DRILL HOLE LOG PROJECTT DEER CREEK MINE RECLAI'I|ATION PROJECT PROJECT NO.: 200001.0JS
CLIENT: ENERGY WEST MINING COMPANY DATEI +/17/oa
LOCATION: SEE SITE PLAN ELEVATION: :

LoccED ey'umDRILLER: B. HARTLEY
EQUIP./DRILL METHODI CME-5 CASIN
DEPTH TO WATER - INITIAL: + NONE AFTER 24 HOURS;+

BORING NO. 1

STA. 14 + OO FILL

Grodstion
ix
Eg
d.t

32,56./5.5"

35,46,39

9,2+,29

11,10,13

17,17,9

cL-r,Gc

cc,cL-1

39

3+

+2

53

20

INTERBEDDED BLACK At-lD
CUT SAI.IDSTONE COBBLES
W/DK. BROWN CLAYEY MATRIX
cool dust

GRAVELLY LEA}I CLAY W/SA}.ID
TO CLAYEY GRAVEL W/WOOD

dk. brown
2" sondstone

GRAVEL, SAI'IDSTONE Al-lD
COBBLES YflSAf.IDY CLAY
MATRIX
some cool dust

GRAVEL W/SAT'IDY LEAI'I CLAY
MATRIX AFID SAT-IDSTONE

ROCK FRAGMENTS

RB&G
ENGIhIEERING

INC.
Provo, Utoh

tEGEIiID
tl
lz.s,z +Blov count per 6"

-lo.+5 +TorYonc (rsf)
t\
| | \-Disturbcd sompte

i X i.-- Undisturbcd Sompte
lr.-Jil

=+- = Groundwotar Elevotion

UC - Unconfincd Compression Toet
CT - Consolidotion Tcst
SG - Spccific Grovity Tcst



DRILL HOLE LOG PROJECT: DEE
CLIENT: ENER(

LOCATION: SEI
DRILLER: B. Ht
EQUlP. /DRlLL
DEPTH TO Wi

R CREEK MINE REcLAtvtATloN pRoJEcr pRoJEcr No.: 200_o0t.o35

BORING NO. 2

NJi;z'+oo 
FAN

z r wLJ I Mll\lNU UUMHANY DATE
i SITE PLAN ELEV
TRTLEY LOGG
METHOD: CME-55 / N.W. -CASING
\TER - INITIAL: * NONE AFTER 2+ HOUR

+/17 / OC

ITION: -
iD BY: M

S:*

. HANSEN/V.N.B.

-
Elev.

(Feet)
Depth
(Feet)

Lith-
rlogy

qaMpl tr

oo OAtDc

Blows
Per
6"

Moteriol Description

Atter. Gradoi i10n

L- V,|l,#
Et,#0
OF

USCS

F-Cs
t8.

p1
iEogr6

E:t
q€

Fx

$s

x
a
o
L(!

ht

Et'
v,

x

b
(J

.:

5-

I 
'']

IJtl
"l

,r--]
I
I

-l

I

l
I

,, 
-l

(-\'

'o'

.o

4. .'.
'.'.'o

.o

18

o

6

18

g,tt,lg

47/O.5"

14,9,12

3J.1+,lg

SP-SC

Sl'l/GP

SP-SM/GP

dk. brown
mOiSt CLAYEY SAI.ID W/SAT'IDSTONE

GRAVEL

SAI-IDSTONE BOULDER

lt. brown

SAT.ID A}.ID CUT SAI-IDSTONE

It. brown SAI-IDSTONE BOULDER

o'

, It. brown SILTY SAt-tD W/SAFTDSTONE
GRAVEL

RB&G
ENGINEERING

INC.
Provo, lJf oh

tEGEr{p
tl
-2,3,2 

+Slsy Count per 6"
Ao.+5 +Torvsnc (tsf)

I l\oisturbcd somptc

lflf- Undisturbsd Scmpte

]-t
* 

-Groundwoter 

Elevotion

- Unconfincd Comprcaaion Ttst. Coneolidotion Tcst
. Spcclfic Grovity Test

UC

CT
SG



DRILL HOLE LOG PROJECT: DEER CREEK MINE RECLNVTATION PROJECT pRoJEcT No., 200001.035CLIENT: DATE: +/ZS/OO
LOCATION: SEE SITE PLAN ELEVATION: -
DRILLERI B. HARTLEY
EQU]P./DRILL METHOD: -55 w.c
DEPTH TO WATER ]NITIAL: +- NONE AFTER 24 HOURS: +

BORING NO. 2A
sTA. 27 +25

Grodotion
Fx

E$
Eli

IrB,B

16,22,19

9,9,13

0.30

12,18,56/+,'

o.67

16,19,26

17,84,17

15,16,15

38,26,29

CL

GP-GC

CL

SC,GC

CLAY W/GRAVEL At-lD SAND

to dk. broun GRAVEL W/SAl-tD At-lD CLAY

wood 
sAlJDy LEAr-r cLAy w/GRAVEL

looks like compocted fill

12.+

39

5+

brown
some trovertine GRAVEL W/SAt-lDy LEAI-fovel cLAy l,tATRlX

brown CLAYEY SA}ID W/GRAVEL

brovn GRAVEL W/SAI*|D

SILTY SAI'ID W/GRAVEL
AI.ID SANDSTONE COBBLES

RB&G
ENffi

INC.
Provo, Utoh

LEGEND

f r,a,, +Btov Gount per 6,,

re.45 

-Toryonc 

(tsf)tt\
I t 

-\-Disturued 
Sonrptc

ffi-undisturbcd sompta
r--1

* 

-Groundwotqr 

Elevotion

. Unconfincd Compression Tcst
- Congolidstion Tcat
- Spceifrc Grovity Tcst

UC

CT
SG



DRILL HOLE LOG PROJECT; DEER CRE-EK MINE RECLAIJATION PBOJECT PROJECT NO.: ZOOOO1.O3S
CLIENT: ENERGY WEST M]NING COMPANY DATEI 4/17 loo
LOCATIONT SEE SITE PLAN ELEVATION: -
DRILLER: B. HARTLEY
EQUIP./DRILL METHOD: C

DEPTH TO WATER - INITIAL! + N0NE AFTER ?+ H0URS: -+:

BORING NO. 3
sTA. 22 + 00

BELT PORTAL

Moteriol Description

Grcdation

19,12,13

2.J,2
0.J0

Pushcd

2,2,1

0.30

Pushcd

14,5,7

14,5,3

12,11,12

lJ,56/5.5"

16.+

20.7

+2

SAFIDY LEAT-I CLAY W/GRAVEL

moist, wlfine grovel LEAT-I CLAYEY SAT-ID W/GRAVEL
Al'lD COAL DUST

CLAYEY SAI'ID W/SA}.IDSTONE
GRAVEL

bouldEr

vellow-brown sAl{Dy GRAVEL w/slLT

SILTY FINE SAT-ID
yellow-brown sondstone

RB&G
ENGINEERING

INC.
Provo. Utch

TEGEND
ll
| 2,S,2 + Blon Count per 6rl

14.45 +Torvone (tsf)

I I \otsturbcd sompte

R-rndisturbsd Somptan
* 

-Ground*otcr 

Elcvqtion

UC - Unconfncd Conrpression Tcst
CT . ConsolidoUon Tcst
SG . Spccific Grovity Tcst
DS - Dhrct Shror Test



DRILL HOLE LOG PROJECT: DEER CREEK MINE RECLAIiTATION PROJECT PROJECT NO.: 200001.0JS
Fl lFl\lT. fklFDr^\./ ltlfcT trlr'lltlr^ ra^rrn^rr\/

BORING NO. 4

f,*'iioo 
P'RTAL

vl-lr-tY I . r-rrt-t\\t I vrLc) I lvlll\ll\\' L,L,rMrl1l\ | uf\ | E_: +/ ttj/ uv
ELEVATION: -LOCATION: SEE SITE PLAN

DRILLER: B. HARTLEY LOGGED BY: M. HAFISEN/V.N.B.
EQUIP./DRILL METHODI CME-55 / N.W. CASING
DEPTH TO WATER - INITIAL: + 11.40' AFTER 2+ HOURSI+

-
Elev.

(Feet)
Depth
(Feet)

Lith-
ology

SAIijIPLE

Moteriol Description

Atter. Grodotion
Lq'O+,
5B
OF

oo oaog

Blows
Per
6r'

USCS

$'-
Cs
tH.
.+

r:\
i3oc
=E

sN
F+
J=

bx
E$E.r

x
o
E
fl

It'
'ttco
Itt

Fa

xr6
>
6

I

5-

10-

15-

20-

--

--]

2s--.1
_l

l-l
I

-t
I
I-I

I

J0 -l
I
II
IJ

35

J
I

iI
I

-1
I

-1
I
I

-1
I40

,4
16

I

1

I

lt

I

14

60

9,10,14

26,28,18

7,7,8

10,16,22

6,6.7

Pushcd

13,36,6+

Corc
100,88

GC

GC

GC

SC

cL-1

CL

dk. brown #F+IEII-GRAVEL w./SAt-lD

98.3

1+.7

11.3

t8.t JI t5

56

50

3+

2l

30

2S

DS

I

I

I

I

I

--1
brown LEA'I CLAYEY GRAVEL W/SAtlD

CLAYEY GRAVEL

brown

boulder

block coAL w/sAt-rDy cLAy MATRTX

dk. brown to block

CLAY W/COAL LENSES

Ji- L-^...- INTERBEDDED CLAY W/COAL FLAKES'

ll;Tl"ll sHALE Ar-rD wEATHERED sHALE

SHALE AT.ID SAI-IDSTONE
BEDROCK

oi- _o-_.8

It. eroy SILTSTONE AND MUDSTONE
W/COAL LENSES

oo o o

=:-oi. -9_0

oo o o

RB&G
ENGW

INC.
Provo, Ufoh

rEGEryp
lz12 +Blow Count pcr 6"
Ig.+5 +Toryono (tsf)tt\
I Cor)- Disturbcd Somplc

1100,60 
FRock QuoFty Deslgnotion tReD)

F7 \-Percent Somplc Rccovery

iAi-- Undisturbad Sompta

* 
-Groundwotsr 

Elevotion

UC - Unconfincd Comprcssion Tcst
CT - Conaolidotion Tcet
SG - Spccific Grovity Test
DS - Dirsst Shaor Tcst



DRILL HOLE LOG PROJECT: DEER CREEK MINE RECLAft|ATION PRO_JECT PROJECT NO.: 2OOOO1.O35
l.rl ll-f l'T. . l-ttl-I-frv rlrr-T l rrrrr\ rA n Ar .^ r r r\t

BORING NO. 5
sTA. 0 + 00

TRORTAL ENTRANCE
tret: 1 of 1

vLltr-l\ | . ,LI\Lr\\' I YY E-J I Mll\llY\r lr'(JMl-Al\ I uA I L: +/ltJ/gU
ELEVATION: _LOCATION: SEE SITE PLAN

DRILLER: B. HARTLEY LOGGED BY: M. HAITISEN/V.N.B. 
.

EQUIP./DRILL METHOD: CME-55 / N.W. AND N.Q. CASING
DEPTH TO WATER - INITIAL: =+ 1.OO' AFTER 2+ HOURS: +

.F

Elev.
(Feet)

Depth
(Feet)

Lith-
rlogy

SAIVIPLE

Moterial Description

Atter. Grodotion
ItE
lD+,fE
OF

oor rilog
0(=

Blows
Per
6tt

USCS

3
l
EE
t8. Ei

sE

Elt

sg
bx
EdEs

x
a>
o
ct

\
€
lt

x

E
C'

T
6

I

t

5

10

15

--l
I

_l

I

J
I

j
I-}

I

I
I?o

15

t4

J8

37

19

58

J,2,9

12,1+,19

I

Corc
97,69

Corc
95,23

Cors
90,42

Core
97,80

CL

CL

very
ond

dk. brown
block

COAL AT-ID CLAY
W/SAI.IDSTONE GRAVEL

BEDROCK

very lt. groy
very froctured SILTSTONE/MUDSTONE

W/LEAF FOSSILS

block

CARONACEOUS MUDSTONE

very lt. sroy SILTY MUDSTONE

very n.

RB&G
ENGINEERING

INC.
Provo' Utoh

TEGEND
!2,5,2 +$t6s Count pcr 6"
10.+5 +Torvonc (isf)
IR

f:--\oisturbed somolc

1100,60 
+Rock Quolity Dasignotion (ReD)

FZ \-Percsnt Somplo Racovcry

E\i-Undisturbed Somplc

* 
-Groundwqtcr 

Elevotion

- Unconfined Comprcscion Tcst
. Consolidotion Tcst
- Spccific Grcvity Test

UC
CT
SC



DRILL HOLE LOG PR0JECT: DEER CREEK MINE RECLA}TATION PROJECT PROJECT No.: 20OOO1.OJS
CLIENT: ENERGY WEST MINING COMPANY DATE: 4/25/oo
LOCATION: SEE SITE PLAN ELEVATION: -

LoGGED sy'i/mDRILLER: B. HARTLEY
EQUIP./DRILL METHODI CME- W. CASING
DEPTH TO WATER _ INITIAL: + -42.50' (Coved ln) AFTER 2+ HOURS: +

BORING NO. 6

ix
Ed
8.5

18,29,24

g,ll,1l

17,14,9

5,5,6

6,7,8

Pushod

34,20,26

2+,21,17

21,19,20

19,27,+5

moist COAL AFID COAL DUST W/SOME
SAT-IDSTONE GRAVEL

38 32

43

38

LEAI-T CLAYEY GRAVEL W/SAI{D,

4,,cooland dust COAL Al.lD WOOD

dry, 2" lorge grovelsiltstone
10" cool w/1" shole
yellou ond omber lenses

INTERBEDDED COAL, WEATHERED
SHALE At'lD SAt-fDY CLAY
W/ROUNDED GRAVEL

INTERBEDDED SAI-IDY CLAY,
SILTSTONE AND COAL
2" to S" loyers

SILT WGRAVEL AT.ID SAI-ID

boutder SILTY SAf-lD SIZED COAL

4" dk' brown sLTy sAr.rD w/wooD

sroy-brown SAFtDy CLAy W/GRAVEL

RB&G
ENGII{EERING

INC.
Provo, U+oh

LEGEHD
tl
f 2,5,2 

-$lsv 

Count per 6"
10.+5 +-Torvonc (tsf)
IIR

I I \Disturbcd sornptc

lxl.- undisturbcd somptc
r-1

* 
*Groundwotcr Elevotlon

. Unconfined Comprcssion Test
- Consolidotion Tsst
- Spccific Grcvity Tcat

UC
CT
SG



DRILL HOLE LOG PROJECT: DEER CREEK MINE RECLAITATION PROJECT PRoJEcT No.: iOOOOT.OIS -CLIENT: ENERGY WEST MINING COMPANY . - DATE: 4/26/00
LOCATIONI SEE SITE PLAN ELEVATION:
DRILLER: B. HARTLEY LOGGED BY: M. HANSEN/V.N.B.
EQUIP./DRILL METHOD: CME-SS / N.W. c
DEPTH TO WATER - INITIAL: * 7.OO' AFTER 2+ HOURS:*

BORING NO. 7

Grodotion

9,13,23

1+,15,16

1O,1O,lO

6,6,56/5"

GRAVELLY CLAY W/COAL DUST

CLAYEY GRAVEL W/SAt-lD
(groy rnudstone ond
yellow-brown sondstone)

3'I CLAYEY GRAVEL W/SAI.ID
3'I SHALE
6" COAL

RB&G
ENGIhIEERING

INC.
Provo, Utoh

TFGEHD
tt

12,3.2 +-$lsl Count pcr 6"
10.45 

-Torvonr 

(tsf)
I t\
I | \Disturbcd Sompta

Xl--Undisturbcd Sompte

t-t
* 

-Groundyctcr 

Efcvstion

UG - Unconfincd Comprcsrion Tcrt
CT - Consofdotlon Test
SG - Spcciflc Grovity Test



Unified Soil Gfassification System

) *aJor Dirisious
Group

Symbols $ptcal Nnlrrcs Laboratory Classificatlou Crltcria

coARsr-
GRAII{ED

soll,si

mpre thnn
ttalf oJmaterial
ls larger than
No. 2OO sieue

)

Grasels

mnre thant
half oJcoarse

Jrostlon
is larger

thanNa 4
sier,te size

Clcea
Gravels

little or no

-fines

GW
Well graded gravels,
gravel-sand mixtures,
little or no fines

For laboratory
classifrcation of
coars*grained soils

Determine
percentage of
gravel and sand
from grain-size
curve.

Depending on
percentage of
ffnes f?action
smnller thmt No.
2OO stew sizd,
coarse-grained
soils are
classiffed as
follows:

Lcss ther 596
GW, GP. SW, SP

Ittore than 1206
GM, GC. SM.
SC

59t to 12o6
Elrorderline
cases requiring
use ofdual
symbols**

D^
c,, = ;; crcatcr than 4

c- = {D-*)' 
Bct$Errl } and 3* D,oxD*

GP
Poorly graded gravels,
gravel-sand mixtures,
little or no fines

Not meeUng all gradaflon
requirements for GW

Grevcls
ffith Flncs

appreciahle
ormo.nat oj

..fnes

GM* 1

u

Silty gravels, poorly
graded glravel-sand-
clay mixtures

Atterberg
limtts below
"A'line, or PI
less than 4

dbove'A- line
q,lth PI betwe€rr
4 and 7 are
borderline
cases requlring
uses ofdual
syrnbols

GC
Clayey gravels, poorly
graded gSavel'sand-
clay mixtures

Atterberg
limits aborre
'l{" llne, or PI

Sande

fitfie thfln
lw$oJcoarse

Jractton
is smcller
tlunNo.4
sieve stze

Cleaa Sands

tittle or rw
;ftnes

sw
Well graded sands,
gravelly sands, litfle or
no fines

c" = 3 Greater than 6
uro

F - (Drolt Brtsrcen I and 3
"" -;, i;

SP
Poorly graded sands,
gravelly sands, little or
no fines

Not meeUng all gradatton
requirements for SW

Sandc
wlth Ftnes

apprecinble
amowltof

.1ffnes

sM* :
u

Stlty sands. poorly
giraded sand-silt
mlxtures

Itmits below
"A" Une, or PI
less than 4

Above'A'line
wtth PI beturcen
4 and 7 are
borderltne
cas€s rEqutrtng
uses ofdual
syrnbols

sc
Clayey sands, poorly
graded sand-clay
rnixtures

Atterberg
limits above
"^A" line, or PI

F,INF-
GRAINED

soils

more tltan
half oJmaturrnl
ls smcller than

No.2OO sietn

Sllts and Clays

liquid lirnit is
less tharr 5O

ML

Inorganlc silts and
very flne sands, rock
flour, silty or clayey
ffne sands or clayey
silts with sltght
plasUcity

For (aboratory
classiftcation of
fin+grained soils

x[}Es
E(t
an
(E

o-

30 40 50 GO 70

Liquid Umit

Plasticity Chart

,VOIE; USCS Modified to inctude CL-type subcategartes

GL
1

2

Inorganic clays of low
to medium plasticity.
gravelly clays, sandy
clays, silty clays, lean
clays

OL
Organic silts and
organic silt-clays of
low plasUc{ty

Slltr and Clayr

t{quid ltndt is
gvatn rhcn 50

MH

Inorganic silts,
mleaceous or
dlatomaceous flne
sandy or silty soils,
elastic stlts

CH lnorganic clays ofhigh
plasudty, fat clays

OH
Organlc clays of
medlum to hlgh
plastictty. organic silts

HIGHLY ORGA}TIC SOILS Pt Peat and other highly
organlc soils

| .Dl**igt of fM. and SM gJouPs lnto subdtvtslons of d and u for roads and air$elds only. Subdtvtsion ts based on Atterberg limits:
sulllx O used when l4urd fimtt ls 28 or less and the PI is 6 or less, the suffi:c u used when liquid limtt is greater tharr 2g.

"Borderlfite cl,assUtmttoru Sotls possesslng characterlstlcs of two groups are designated by combinauons of group symbols. (For
example GW-GC. well graded gravel-sand mtxture with clay btner.)

K:\TESTING\Charts\UScS. SHT FBTG ENGINEERING, INC. 4/r 8rcO



Laboratory Testing



Table I

SUMMARY OFTESTDATA

PROJECT

LOCATION

Deer Creek Mine Reclamation Project

Huntington, Utah

PROJECT NO. 200001-035

FEATURE Foundations

ATTERBERG LIMITS

onplastic

K :\BRA D\M lSC1DeerCrkMine. nrm RB&G ENGINEERING INC,
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Appendix



urExAsz - vER. L-209 - Ll 7187
Date of this run: 'J: 3:2000
TABLE NO. 1

- sN00012 - (c) 1985 S. c. WRTGHT

Time of this run: l-1:2L124

* COMPUTER PROGRAI4 DESIGNATION - UTEXASz
* Originally Coded By Stephen G- Wright
* Version No. L-209
* Last Revision Date L/ 'I/87
* Serial No. 00012
* (C) Copyright f985 Stephen G- Wright
* All Rights Reserved

UTEXASz - VER. 1-209 - TI ']/87
Date of this run- ']: 3:2000
SLa. 28+00. Deer Creek Drainage
Reclaim Slope Condicion
CircuLar Shear Surface Seareh

TABLE NO. 2
*************************
* NEW PROFILE LINE DATA *
*** ** +* +* **** * **** ***tr***

- sN00012 - (C) 1985 S. G. WRTGHT

Time of this run: 11:2L:24
(Mine Fan Area)

*

*

*Jr************************************************************

- *"SULTS OF COMPUTATIQNS PERFORI,IED USING THIS COMPUTER
* PROGRAM SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY
* HAVE BEEN VERIFIED BY INDEPENDENT ANALYSES. EXPERIMENTAL
* DATA OR FTETD EXPERIENCE. THE USER SHOULD UNDERSTAND THE
* ALGORITHMS AND ANALYTTCAL PROCEDURES USED IN THE COMPUTER
* PROGRAII AND MUST HAVE READ ALL DOCUMENTATION FOR THTS
* PROGRAM BEFORE ATTEMPTING ITS USE.

* NEITHER THE UNIVERSITY OF TEXAS NOR STEPHEN G. WRIGHT
* MAKE OR ASSUME LIABILITY FOR ANY WARRANTTES, EXPRESSED OR
* IMPLIED, CONCERNING IHE ACCURACY, RELIABTLITY, USEFULNESS
f OR ADAPTABILITY OF THTS COMPUTER PROGRAM.
*

PROFILE LINE
Sandy Clay w/

Point

1 _ MATERIAL TYPE
Gravel

1 -20.000
2 5-000
3 32 .000
4 !02.000
5 1 20.000
5 190.000
'7 265.000
I 310.000
9 350.000

AI1 new profile lines defined

Y

580.000
580.000
590,000
595.000
600.000
625 .000
550.000
575.000
700 .000

- No o1d lines retained

urExAsz - vER. 1.209 - Ll 7/87 - SN000l-2 - (C) 1985 S. c. WRTGHT

Date of this runl 'J: 3;2000 Time of this run: LI 2L:24
St,a. 28+00, Deer Creek Drainage (Mine Fan Area) '
Reclaim Slope Condition



Circular Shear Surface Search

TABLE NO. 3
*-*** * * ** * * ** * *** * * * * **'* **** ***
* NEW I.{ATERTAL PROPERTY DATA *
******************************

DATA FOR I{A?ERIAL TYPE
Sandy Clay w,/ Gravel

Unit weight of material = 1-21-.500

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - 288.000
Frictionangrle-- - 31.000degrees

No (or zero) pore water pressures

AlI new material properties defined - No old data retained

urExAsz * vER. 1_.209 - 7/ 7/87
Date of this run: 7: 3:2000
Sta. 28+00, Deer Creek Drainage
Reclaim Slope Condition
Circul-ar Shear Surface Search

* sN000L2 - (c) 1"985 S. c. WRTGHT
Time of this run: 11:2I:24

(Mine Fan Area)

}( = 150.000
Y - 725.000

TABLE NO. 9
***************** ***** * * ** ***** *tr

* NEW ANALYSIS/COMPUTATION DATA *
*********************************

Circular Shear Surface (s)

AutomaEic Search Performed

StarLing Center Coordinate for Search at. -

Required accuracy for critical cent,er
spacing between grrid points) =

Critical shear surface not allowed Eo

For the initial mode of search
all circles are tangent Eo horizontal

(= minimum
1 .000

pass below Y =

line aL -

550.000

f = 550.000

Depth of crack = 2.000

Short form of output, will be used for search

THE FOLLOWING REPRESENT EITHER DEFAULT OR PREVTOUSTY DEFINED VALUES:

Initial trial estimate for the factor of safety = 3 .000

Initial trial estimate for side force inclination = 15.000 degrees
(Applicable t,o Spencer's procedure only)

Maximum number of iterations allowed for
calculating the factor of safety = 40

Allowed force imbalance for converqence = 100. 000



Allowed moment imbalance for convergence = l-00.000

fniUial trial values for factor of safety (and side force inclination
for Spencer's procedure) will be kept constant during search

Maximum subtended angle Eo be used for subdivision of the
circle into slices = 3 .00 degrrees

Search will be conLinued to locate a more critical shear
surface (if one exists) after the initial mode is complete

Depth of water in crack =

Unit weight of water in crack

Seismic coefficient = 0.000

Procedure used Eo compute the

0-000

= 62.40O

factor of safety: SPENCER

urEXASz - VER. 1.209 - 1/ 7/87
Date of this run: J:3:2000
Sta. 28+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 10
** ** * * ***************tr*****

* NEW SLOPE GEOMETRY DATA *

***************************

NOTE - NO DATA WERE INPUT. SLOPE GEOMETRY DATA

WERE GEISERATED BY THE PROGRAM

Slope Coordinates -

urExAsz - vER. 1.209 - Ll 718'1
Date of this run: 'l: 3:2000
Sta. 28+00, Deer Creek Drainage
Reclaim Slope Condition
Cireular Shear Surface Search

TABLE NO. 14

- sN00012 - tc) 1985 S. G. WR]GHT

Time of this run: l-1 : 2I:24
(Mine Fan Area)

- sN00012 - (c) 1985 S. G. WRTGHT

Time of this run: 11:2L;24
(Mine Fan Area)

Point X

1 -20.000
2 5.000
3 32.000
4 102.000
5 1,20.000
6 190.000
7 255.000
B 310.000
9 350.000

I

s80.000
580 - 000
590.000
595.000
500 .000
625.000
650.000
675.000
700.000

*t*************************** *******************************

* SHORT-FORM TABLE FOR SEARCH WITH CIRCULAR SHEAR SURFACES *
************************************************************

CenEer Coordinates of
Criuical Circle

Mode

2 Tangent Line

x

169.000

Y

747.000

Factor Side
of Force

Radius Safety IncIin.

187.000 2.485 15.37



at Y = 550.0

Constant Radius
of R = 187.0

Tangent Line
at Y = 601-.0

r.85.000

r.85.000

788.000

788.000

187.000

187.000

2.051 2A.2L

2.051 20 .23,

TABLE NO. 15
***** FINAL CRITICAL CIRCLE TNFORMATION *****
X Coordinate of Center - - 1g5.000
Y Coordinate of Center - - Tgg.000
Radius 187.000
Factor of Safety - - 2.051
Side Force IncLination - - - - ZO,ZL

Number of circles tried
No. of circles F ealc. for

***** CAUTTON *****

***** RESULTS MAY BE

L44
86

FACTOR OF SAFETY COULD NOT BE COMPUTED FOR SOME
OF GRTD POINTS AROUND THE MINIMI]M

ERRONEOUS *****

UTEXASZ - VER. 1.209 - Ll 7/87 * sN00012 _ (c) 1985 s. G. wRrcHT
Date of this run.. 'l: 3:2000 Time of this run: rL:zLz24
Sta. 28+00, Deer Creek Drainage (t"Iine Fan Area)
Reclaim Slope Condition
Circular Shear Surface Search

?ABLE NO. 2A
********* *********************************************************
* INFORMATTON FOR INDIVIDUAL SLICES (]NFORMATION IS FOR CRITICAL ** SHEAR SURFACE IN THE CASE OF AN AUTOMATIC SEARCH) *
***************** ********************** *********************r*****

SIice
No. X

138.9
1, 3,43.7

148. s
2 1s3.3

158. t-

3 163.0
L67 .9

4 172.7
L77.6

s 181.3
185.0

6 t_87 .5
190.0

7 194.9
199.8

I 204.6
209.5

9 2L4.3
2t9.2

10 224.0
228.8

11 233.5
239.2

1.2 242.9
247 .5

Slice Matl -

Y Weighr Tlpe Cohesion

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

Friction
Angrle

3l--00

3L.00

31.00

31.00

31.00

31.00

31.00

31.00

31.00

31.00

31_.00

31.00

Pore
Pressure

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0,0

0.0

0-0

0.0

0.0

505.8
60s.7 3232.5
604.6
603 . I 9525.3
602.9
602.4 l_5344.9
501.8
601.5 20615.5
50L.1
601.1 18564.8
501 .0
50t.0 1401_7.3
601.l_
601.3 30056. ?
601. 6

502.1 32864.3
602.5
603.4 34929 .7
504 .2
505.2 3624L.4
505.2
607. s 35800.3
608.7
610.2 35620.1
611.8



252.7
256.7
260-8
265.0
259 .4
273.'t
278 -0
282.2
286.3
290.5
294.4
298 .4
302.2
306.0
308.0
3l_0.0
J J-J . O

317-L

Slice
No. X

317.1
22 320.5

323.9
23 327 .O

330.2
24 333 .2

336.2
25 339.0

34L.1
26 344.3

345.9
21 34?.5

348.3

1_3

rti

15

16

L7

t-8

1_9

20

21.

513 . s
51-5 - 3

6L7.L
619.0
ozL-4
623 .4
625.8
528.3
530.9
533.5
536.4
539.3
642-4
645 .4
b4t -/,
648.9
652.3
555. 5

Y

655.5
659.2
662.'.t
565.5
670.2
6'14 .L
6'17.9
682.0
685.0
690.2
694.4
695 -7
597-0

35725.7

31908.3

33161_.6

32384.8

30924.6

28845.6

26223 -L

729L6.7

2t-535.9

1-

l-

1

I

1
I

1

1

Slice Mat.1.
Weight Tlpe

18320.2 l-

14835.1_ 1

11191 - 3 1

?504.'t L

3894.6 L

sl_2.9 1

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

Cohesion

288.00

288.00

288.00

288.00

288.00

288.00

31.00

31.00

3l_.00

31_ . 00

31_ . 00

3t-.00

3l_.00

3L.00

31_ . 00

Friction
Angle

31.00

31.00

31.00

?1 00

3l- . 00

31.00

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0_0

0.0

Pore
Pressure

nn

0.0

0.0

0,0

0.0

urExAS2 - VER. l-.209 - Ll 7 /87
Date of this run t 'l z 3 :2000
Sta. 28+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

- sNo00l-2 - (c) 1-985 s. G. WRIGHT

Time of uhis run: 1]. l.ZL224
(Mine Fan Area)

TABLE NO. 20
*********************************** ***** **************************
* INFORMATION FOR INDIVIDUAL SLICES (TNFORMATION TS FOR CRITICAL *
* SHEAR SURFACE IN THE CASE OF AN AUTOMATTC SEARCH} *
********** *+t***************** ************************************

UTEXASz - VER. 1.209 - Tl 7/87
DaEe of this run:. '1 : 3:2000
Sta. 28+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

Y for
Seismic Seismic

- sN000l-2 - (c) 1985 s. G. WRTGHT

Time of this run: 1l-:2L:24
(l'line Fan Area)

FORCES DUE TO SURFACE PRESSURES

Normal Shear

TABLE NO. 2L
******************************************************************
* INFORMATION FOR INDIVIDUAL SLICES (TNFORIIIAT]ON TS FOR CRITIEAL *

* SHEAR SURFACE IN THE CASE OF AN AUTOMATIC SEARCH) *
***************f **t*********r**********t**************************

Slice



No. X

1 143 .7
2 153 .3
3 163.0
4 172.7
5 1_81.3
5 187.5
7 L94.9
B 204 -6
I 2t4 -3

10 224.0
r.1 233.5
t2 242 -9
L3 252.I
14 260.8
15 269.4
i.6 218.0
rt 285.3
18 294 .4
19 302.2
20 308.0
21 3L3.6
22 320.5
23 327.A
24 333.2
25 339.0
26 344.3
27 347.6

Force

60?. L

50?.8
608.9
6L0.2
4..oJ.l-.5
6]-2 .6
5i_4.0
615.0
618.2
620.7
623 .5
626.4
629 -6
632.9
536-8
641.5
646 .4
651.4
aa fofo.f

660.5
564. 8

670.4
675.1_
681.8
587.5
693.3
597. 1-

Force

0.
n

U.
0.
U-
n

0.
tl

0.

0.
0.
0.
0.
tl

n

0.
n

0.
n

0.
0.

U.

0.
n

0.

Force

U-

0.

0.
0.

0.
o

n

0.
0"

U-

0.
0.
0.
0-
0.

n

0.
0-
n

0.

Force

0,
0.
U.
0.
n

n

0.

0.
o

0.

fl

n

U.
0.
0.
0.
0.
0.
n

U.
0.
0.

X

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0-0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0-0
0.0
0.0
0-0
0.0

I

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0

TABLE NO. 23
**************r***************************************tr****lrr*****

* INFORI'IATION GENERATED DURING TTERATIVE SOLUTION FOR THE FACTOR ** OF SAFETY AND SIDE FORCE INCLINATTON BY SPENCER,S PROCEDURE *
************************************************************rrr***

UTEXAS2 - VER. 7.209 _ 1/ 7/87
Date of this run:. 7:3:2000
Sla. 28+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

3 2.00000 t6.9ZS4 -0.1883E+04
First-order corrections to F and THETA
Second-order correction - fteration 1
Second*order correction - Iteration z

- sNo001-2 - (c) 1985 S. c. wRrcHT
Time of this run: 11:Zt:24

(Mine Fan Area)

Trial Trial
Factor Side Force Force Moment.

fter- of rnclination rmbarance rrnbalance Derta-F
ation Safety (degrees) (Ibs. ) (ft.-lbs. )

1 3.00000 15.0000 0.?355E+05 -0.40388+08
First-order corrections to F and THETA _0.1-47E+01
values factored by 0.3408+00 - Deltas too large -0.500E+00

2 2.50000 Li.4526 0.436T8+05 -0.24L48+08
First-order correct,ions to F and THETA _0.5968+00
values factored by 0.8388+00 - Deltas too large -0.500E+00

0 . 3 905E+05

DeILa
Theta

(degrees )

0.1.33E+0L
0 .4538+00

0 . 1? 5E+0L
0 .l-478+0L

0. 5288-01- 0 .3 628+01-
0.545E-01 0.3528+01
0.5458-01 0.35?E+01

4 2.05448 ZO.5427 -0.21058+01- 0.6ZZBE+05
First,-order corrections to F and THETA _0.353E_02_0.332E+00
Second-ordencorrection - Iteration 1 ... -0.3528_02_0.332E+00
Second-order eorrect,ion - Iteration Z ... _0.352E_02_0.3328+00



5 2.05097 20.2111- 0.3788E-02 0 .1155E+03
First-order corrections to F and THETA -0.5gLE-05-0.538E-03
second-order correction - rLeration l- . . . -0.679E-0s-0. E3GE-03

6 2.05095 20.2i.05 -O.7778E-02 -0.5258E+01
First-order corrections to F and THETA 0.600E-06 0.496E-04

FACTOR OF SAFETY _

SIDE FORCE TNCLINATION _ _

NUMBER OF ITERAT]ONS - -

UTEXAS2 - VER. L.2O9 - Ll 7/87
Date of this run: J : 3:2000
Sta. 28+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

Slice
No. X-center

2.05L
20.2I
5

- sNo0012 - (c) 1985 S. c. V'JRIGHT
Time of this run: 11:21:24

(Mine Fan Area)

TABLE NO. 24
******************* ************ **************
* FINAT RESULTS FOR SHEAR SURFACE (CRITICAL *
* SURFACE IN CASE OF A SEARCH) *
*****************************r*******L*******

SPENCER'S PROCEDURE USED TO COD{PUTE FACTOR OF SAFETY
Factor of Safety = 2.051 Side Force Inclination = 20 -2L Degrees

- VALUES AT CENTER OF BASE OF SLTCE

Total Effective
Normal Normal Shear
Stress Stress Stress

CHECK SUMS - (AtL SHOULD BE SIIALL)
SUTII OF FORCES IN VERTICAL DIRECTION

SHOULD NOT EXCEED 0.1008+03

s58. s 307.0
1365.7 540.5
2023.5 133 -2
2558.3 889 - 9

2940.0 1-001. B

3166.8 1068.2
3363.5 1125.8
3547.2 1t'r9.6
3652-L 1210.4
3584,9 1220.0
365L. 6 1210.2
3 557.'t J.L82 .'7
3408.5 r.r-39.0
3277 .7 1083 .l-
3079.1 r"042. s
2976.9 10L2.5
282r .2 966 .9
26L7.4 907.2
237L,L 835.1
2150.4 7'r3.3
L942.0 709.4
l_650.3 623.9
L332.5 s30.8
995.'.t 432.1,
547 .5 330.1
296.2 227 -2't2.9 161.8

0.02 (= 0.21-9E-01)

1

z

3

5

6
'l
d

9

10
1l_

L2
13
L4
15
1_5

L7
18
19
20
2L
22
23
24
25
26
27

L43.7
153.3
153.0
t72.'l
181.3
187.5
194.9
204 .6
2L4.3
224.O
233-5
242.9
252.L
250.8
269 .4
278.0
285.3
294 .4
302.2
308.0
313.6
320.5
327 .O
333.2
339.0
344.3
347.6

Y-center

605 .7
603.8
602-4
601-5
601.1
50L.0
501.3
602.1
603 .4
605.2
607.5
6l_0.2
613.5
6L7.1
621.2
625.8
530.9
535.4
642 .4
647 .2
652.3
659.2
655.5
674. r_

682.0
590.2
695.7

568.5
1355.7
2023. s

2558 - 3

2940.0
3155.8
3353.5
354'7 .2
3652.1
3584 .9
3651-.5
355? .7
3408.6
32L7 .7
3079.1_
2976.9
2827.2
26L7.4
2371.L
2l_60.4
r_942 .0
r-550,3
1332.s

995.7
647 .s
296.2
72.9



SUM OF FORCES IN HORIZONTAT DIRECTTON =
SHOULD NOT ExcEED 0.1-008+03

SUU OF MOMEMIS ABOUT COORDINATE ORIGIN =
SH0ULD NOT EXCEED 0.1-00E+03

SHEAR STRENGTH/SHEAR FORCE CHECK-SUM =
SHOULD NOT EXCEED O.1.OOE+03

UTEXAS2 - VER. 1.209 - 7/ 7/87
Date of this run: 7: 3:2000
Sta. 28+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

- sN00012 - (c) l_985 s. G- wRrcHT
Time of this run: 11:2]-:24

(Hine Fan Area)

SLice
No.

1

2

3

4

5
A

I
I

10
l- t-

12
13
L4
15
L6
t7
L8
19
20
2L
22
23
24
za
26
27

X-Riqht

l-48.5
r_58.1
L67 .9
L77.6
r-85. 0

190.0
199.I
209.5
2L9.2
228.8
238.2
247.5
256.7
26s.0
z'.t3.7
282.2
290.5
298.4
305.0
310.0
3t7.1.
323.9
330.2
33 5.2
341-.7
346.9
348.3

4433.
12406.
22488.
33502.
41833.
47299.
57L72.
65521.
72010 -

7 6444 .

78757.
79000.
77329.
7 4264 .

69472.
53188.
55709.
47399.
38576.
33953 -

25394.
17401_.
10439.

4951_.
1340.
-53.

0.

50'I .4
607.5
508.0
608.8
509.1
510.5
6L2.2
6L4.2
6L6.7
519-4
622.5
625.9
529 .6
633.2
637 .4
641.8
646.5
651 .4
656. 6

559 .4
564.9
5?0. 6

676.5
682.5
689. L

695.4
1837.5

0.509
o .426
0.404
0.395
0.393
0 - 394
0-397
0-403
0.409
0.417
0 .426
0.435
0 .447
0.451
0.444
0.432
o .422
0. 414
0.407
0.402
0 .390
0.376
0.36L
0.347
0.347
0.274
ABOVE

0.03

4.58

0.01

0.0?

0.03

4.58

0,26tE-01)

0 . 4588+01 )

0 . 127E-or- )

788.8 704.3
60?.7 ]-572.8
s84.s 2L73.6
505.0 2629 .5
635.4 2899.0
672 .6 3045.7
758.6 32s4.2
885.3 337L.2

r.007 .9 3 4L2.2
1135.5 3386. 5

7268.0 3302.7
L405 . '.r 3168 . 9
1548.7 2994.6
r_566.9 2856.7
13?3.3 277r.4
1119.3 2668. I
910.4 2509. 9

736.2 2305.3
58?.7 2066. 6

500.2 l_931.5
339.0 L664.2
199.3 r-352.3
94.9 L027 .7
27 .8 564. 6

11.5 273.5
4.8 -31.7
L -7 -L.7

0 .2198-01 )

0.25r_E-01)

0.458E+01 )

(-

(-

(-

TABLE NO. 25
* * ** * * ** * * * ** ** *lr ** ** ** * ** * * ** * * * * * ** * * * * * ** *

* FINAL RESULTS FOR SHEAR SURFACE (CRITTCAI *
* SURFACE IN CASE OF A SEARCH} *
* * ** ** * * * * * * * * * * * * * ***.** *** **** * * * * ** * * * * * * * *

SPEhICER'S PROCEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of Safety = 2.05L Side Force fncl-ination = 20.2L Degrees

VALUES AT RIGHT STDE OF SLICE

Y-Coord. of
Side Side Force

Force Location

Fraction Sigrma Sigrrna
of at at

Height Top Bottom

CHECK SI.]MS - (ALt SHOULD BE SI,lALt)
SUM OF FORCES IN VERTICAL DIRECTION

SHOULD NOT EXCEED O.10OE+O3
SUM OF FORCES IN HORIZONTAL DIRECTION

SHOULD NOT EXCEED O.1OOE+03
SIIM OF MOME*ITS ABOUT COORDINATE ORIGIN

SHOULD NOT EXCEED O.1OOE+03

(=

(-

(=



SHEAR STREX{GTH/SHEAR FORCE CHECK-SUM =
SHOULD NOT EXCEED 0.1-00E+03

0,01 t= 0-L27E-01)

***** CAUTION ***** FORCES BET'tniEEN SLICES ARE NEGATIVE AT POINTS
ALONG THE UPPER ONE-HALF OF THE SHEAR SURFACE -
A TENSION CRACK MAY BE NEEDED.

END-OF-FILE ENCOUIiI'TERED WHILE READING COI"O.IAND

WORDS - END OF PROBLEM{S} ASSUMED





UTEXASz - VER. 1.209 - tl'1/87 - sN0001_2 - (c) L985 S. c- wRrcH"
Dat,e of this run: 'J: 3;2000 Time of this run: 11:29: 8

TABLE NO. 1.

ik * ** * * *** ** * * * * * * * * * * * * ** * * * * * * * * tr* * * * * * * *

* COMPUTER PROGRAI4 DESIGNATTON - UTEXASZ *
* originally Coded By Stephen G. Wright *
* Version No. l-.209 *
* Last Revision Date Ll 7 /87 *
* Seria1 No. 00012 *

" (C) Copyright 1985 Stephen G. Wright *
* AII Rights Reserved *
******************************************

** *** * *** ** * * * ** * * * * * * * ih** ir* * * * ** * * ** * ** * * * * * * * * * * Jr * * * *** * * * * ***
* RESULTS OF COMPUTATIONS PERFORMED USTNG THIS COMPUTER *
* PROGFAM SHOULD NOT BE USED F'OR DESIGN PURPOSES UNLESS THEY *
* HAVE BEEN VERIFIED BY INDEPEI{DENT ANALYSES, EXPERIMENTAL *
* DATA OR FIELD EXPERIENCE. THE USER STIOULD UNDERSTAND THE *
* ALGORITHMS AND ANALYTICAL PROCEDURES USED IN THE COMPUTER *
* PROGRAM AIID MUST HAVE READ ALL DOCUMENTATION FOR THIS *
* PROGRAM BEFORE ATTEMPTING lTS USE. *
t*

* NEITHER THE UNIVERSITY OF TEXAS NOR STEPHEN G. WRIGHT *
* I,TAKE OR ASSUME LIABILTTY FOR ANY WARRANTTES, EXPRESSED OR *
* IMPLIED, CONCERNING THE ACCURACY, RELTABILTTY. USEFULNESS *
* OR ADAPTABILITY OF THIS COMPUTER PROGFAM. ***
* ** * * **** * * * ** * * * ** * * * * * *** * * * * * * * * * * * * * * * * * * * * * r? * * * * dr ** **** * *

urExASz * VER. t-.209 - Il 7/87
Date of this run: '1 : 3:2000
St.a. 2L+00, Deer Creek Drainage
Reclaim Slope Condition
Ci.rcular Shear Surface Search

TABLE NO. 2
*************** **********
' NEW PROFTLE LTNE DATA *

PROFILE LINE 1 - },IATERIAL TYPE
Sandy Clay w/ Gravel

- sN00012 - (c) 1985 S_ c. wRrcHT
Time of this run: 11:29: I

(Porlal Area)

Point

t
2

3

4

5

5

X

150.000
227.000
237. 000
287.000
300.000
340.000

457.000
470.000
4?5.000
500.000
525 .000
550.000

All new profile lines defined - No old lines retained

urExAS2 - VER. 1.209 - \/ 7/87
Date of this run: 7:3:2000
Sta. 21+00, Deer Creek Drainage
Reelaim Slope Condition
Circular Shear Surface Search

- sN00012 - (C) 1985 S. c- WRIGHT
Time of this run: 11129: I

(Portal Area)

TABLE NO.



* ** * ** ** ** *** * ***** ** ** ir** ** **

* NEW I4AEERIAI, PROPERTY DATA *
*** ** *** ** * * ** ** ** * ** ** ** * ik ***

DATA FOR MATERIAI, TYPE 1

Sandy Clay w/ Gravel

Unit weight of material = 1-2L.500

COIWENTIONAL ITSOTROPIC} SHEAR STRENGTHS
Cohesion-- - 288.000
Friction angle 31.000 degrrees

No (or zero) pore water pressures

AII new material properLies defined - No old data retained

urEXAS2 - VER. L.209 - Ll 7/8'7
Date of this run: 7: 3:2000
Sta. 2l-+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 6
***************************
* NEW SLOPE GEOMETRY DATA *
***************************

All new data input - No old data

SIope Coordinates

- sN00012 - (c) 1985 S. c. WRIGHT
Time of this run: 11:29: I

(Portal Area)

retained

- sN000l_2 - tc) 1985 s. c. wRrcHT
Time of this run: 11:29: I
(Portal Area)

225.000
525.000

Point

1

2

3

XY

150.000 467.000
22'I .000 470.000
237.000 475.000
287.000 500.000

urExAs2 - vER. 1.209 - L/ 't/87
Date of this run:, 7: 3:2000
Sta. 21+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 9
********** ***********************
* NEW ANALYSIS/COMPUTATION DATA *
*********************************

Circular Shear Surface(s)

Aut,omatic Search Performed

Starting Center Coordinate for Search at -
[=
t=

Required accuracy for critical center (= minimum
spacing between grid points) = 0.300

Critical- shear surface not allowed to pass below y = 440.000



For the initial mode of search
all circles are tangrent to horizontal line al -

Depth of crack = 3.000

Short form of output will be used for search

470.000

THE FOLLOWTNG REPRESE}iII EITHER DEFAULT OR PRBVIOUSLY DEFINED VALUES:

rnitial trial estimate for the facror of safetv = 3.000

Initial trial estimate for side force inclination = 15.000 desrees
(Applicable Lo Spencer's procedure only)

Maximum number of iteraLions allowed for
calculating the factor of safety = 40

Allowed force imbalance for convergence =

AIIowed moment imbalance for converg€tc€ =

Initial trial values for factor of safety (and side force inclination
for spencer's procedure) will be kept constant during search

Maximurn subtended angle to be used for subdivision of the
circle into slices = 3 .00 deqrees

Search will be continued to locate a more critical shear
surface (if one exists) after the initial mode is complete

Depth of water in crack =

Unit weight of water in crack

Seismic coefficient = 0.000

Procedure used to comput,e Lhe

1 00.000

r"00.000

0.000

= 62.400

factor of safety: SPENCER

UTEXASz - VER. 1.209 - Ll 7/8'I
Date of t,his run: '7 t 3:2000
Sta. 21+00. Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

- sN00012 - (c) 1985 s. c. WRIGHT
Time of this run: lL:29: I
(Portal Area)

TABI,E NO. 14
*****************************************t******************

* sHoRT-FoRM TABLE FoR SEARCH wrrH crRcuLAR SHEAR SURFACES *************************************************************
Center Coordinates of

Critical CircLe

Mode x y

2 Tangent Line 240.000 521.700
at Y = 470.0

3 Constant Radius 239.400 520.200
of R = 5L.7

2 Tangent Line 23 9 .400 520 .200
at Y = 458.5

Factor Side
of Force

Radius Safety Inclin.

51.700 2.3L4 2A .96

s1.700 2.289 20.80

51.700 2.289 20.80t



TABLE NO. ].5
***** FINAL CRITICAL CIRCLE INFORMATTON *****
X Coordinate of Center 239.4A0
Y Coordinate of CenLer - 520.200
Radius 51-.?00
Factor of Safety 2.289
SideForcelnclination--- - 20.80

Number of circles tried - l-31-
No. of circl-es F calc. for - - - 73

***** CAUTTON **rr**

,.**** RESULTS MAY BE

FACTOR OF SAFETY COULD NOT BE COMPUTED FOR SOME

OF GRID POINTS AROUND THE MTNII'IUM
ERRONEOUS *****

UTEXAS2 - VER. 1.209 - Tl 7/87
Date of this run z '7 : 3 :2000
Sta. 21+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

- sN000l_2 - (c) 1985 s. G. wRIcHT
Time of this run: i-l- I 2 9 : 8

{PorEal Area)

Slice lrlaEl. Friction pore
Weight Tylre Cohesion Angle Pressure

TABLE NO. 20
*************i****************************************************

* INFORMATION FOR INDIVIDUAL SLICES {INFORMATION IS FOR CRITICAL *
* SHEAR SURFACE IN THE CASE OF AN AUTOMATTC SEARCH) *
**********************.************* *******************************

Slice
No.

1
I

2

3

4

5

6

I

I

9

10

1l_

L2

13

14

15

t5

X

22',1 .0
228.3
229.'r
231-.0
4J4-5

233."1
235.0
236.0
237 .0
238.2
239 .4
240.8
242.1,
243.5
244.8
245.L
247 .5
248.8
250 .1
25L.5
252.8
254.I
255 -4
256.7
257 .9
259.2
260 .4
26L .6
262.9
264.t
265.2
266 .4
267 .5

Y

470.0
469.7
469 .4
469 -2
469.0
458.8
468 -',|
468 .6
458.6
458.5
468. s
468.5
468.5
468.7
458.8
459. 0

469.1
459.4
469 .5
459.9
470.3
470.6
471.0
471.5
471.9
4'12.5
473"0
473 .6
474.I
47 4.8
475.4
41 6 .1,

4?5.8

30s.4

905.1

t470.1

L4I7 .1

2062.2

2742.r

31_31.1

3460.4

372't.0

3929.0

4055.5

4136.5

4L43.4

4088. r-

3973.8

3804.6

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288.00

288. 00

288. 00

288 .00

288.00

288.00

288 .00

288.00

3l- - 00

31.00

3t-.00

31.00

31.00

31 .00

3L.00

31_ . 00

31.00

31.00

31.00

3L .00

3L.00

31.00

3l- . 00

3l- . 00

0.0

0.0

0-0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0



268.7
259-8
210 .9
271 .9
273.O
274.0
275 -0
216 .O

27 6.9
277.8

Slice
No. X

277.8
22 278.7

2'19 .6
23 280.4

28L.2
24 282-0

282.8
25 283.5

284.2
26 284.6

285.1

71

18

r"9

20

ZL

477.6
478.4
419.2
480. 0

480.9
481.8
482.7
483.6
484 .6
485.5

Y

485-5
485.5
487 .'7

488. ?

489.8
490.9
492.0
493.2
494 .4
495.2
496.1

3585. s

3322.2

302L _4

2690.L

2336.2

1958.1 1

1594.3 1

L223.7 L

855.s 1

415.0 L

470.2
470 .6
47L.L
47L .6
472.L
472.7
473.5
474.3

288.00

288-00

288.00

288.00

288,00

288.00

288.00

288.00

288.00

288.00

3l_.00

31.00

3r-.00

31_ . 00

31.00

31.00

3r.-00

3t_.00

3l-.00

31.00

0.0

0.0

0.0

0.0

0.0

uTEt(AS2 - vER. 1.209 - Il .1/B-t

Date of this runl. J : 3 :2000
Sta- 21+00. Deer Creek Drainagre
Reclaim Slope Condition
CircuLar Shear Surfaee Search

- sN00012 - (C) 1985 S. c. wRrcHT
Time of this run: 11:29: 8
(Portal Area)

Slice Matl. Frict.ion pore
WeighC Tlpe Cohesion Angle pressure

TABLE NO. 20
************t*+*****************************************tr*********

* INFORMATTON FOR INDIVIDUAL SLICES (INFORMATTON IS FOR CRTTTCAI. *
* SHEAR SURFACE IN THE CASE OF AN AUTOMATIC SEARCH) *
* *** * * * * * * * * * * * * * * * * * * * * * * * * * ** ** * * * ** * t * * * * * * * * * * *.** * * * * *** ** * ** *

0.0

0.0

0.0

0.0

0.0

UTEXASz - VER. L.209 - rl 7/87
Date of this run: 7 : 3 :2000
Sta. 21+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

- sN000L2 - (c) 1985 s. c. wRrcHr
Time of this run: 11:29: I

(Portal Area)

FORCES DUE TO SURFACE PRESSURES

Normal Shear
Force Force X y

TABLE NO, 21
********************************************t*********************

* INFORMATTON FOR INDIVIDUAL SLICES (INFORMATTON IS FOR CRITTCAL ** SHEAR SURFACE IN THE CASE OF AI{ AUTOMATIC SEARCH} *
**t*********************************************************f*****

SIice
No.

1

2

J

4

5

6

7

I

Y for
Seismic Seismic
Force ForceX

228.3
23L.0
233.7
236.0
238.2
240.8
243.5
246.r

0.0
0.0
0.0
0.0
0.0
0.0
0-0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



4'.t5.L
476.L
417 .L
4'r8.2
4?9.3
480.4
48L.7
482 .9
484.2
485.6
486.9
488.3
489.8
49t.2
492.'l
494.2
495.1
497.0

Force Moment
Imbalance Imbalance

(Ibs.) (ft.-lbs.)

u.u
0.0
0.0
0.0
0.0
0-0
0-0
0.0
nn

0.0
0.0
0.0
0.0
0.0
0-0
0.0
0.0
0-0

- SNOOO].z - (C) 1985 S. G. WRIGHT

Time of this run: l-L :29 : 8

(Portal Area)

urEXASz - VER. 1.209 - 1./ 7/87
Date of this run: 'l: 3:2000
Sta. 21+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

Trial Trial
Factor Side Force

Iter- of Inclination
ation Safety (degrees)

9

L0
l- t-

T2
l-3
14
15
1-6

L7
t8
19
20
27
LZ

23
24
,t)

26

248.8
25r.5
254.L
256.7
259.2
26L .6
264.L
266 .4
258 -7
270.9
273 .0
275 .0
276.9
278.7
280.4
282.0
283.5
284-5

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TABLE NO. 23
** ** ** * * ** *** ** * * * ** * * * * * * * * * * * * * t * * ** * ** ** * ** t ** *** * * *** * * * * ** ***

* INFORMATION GENERATED DURING ITERATIVE SOLUTTON FOR THE FACTOR *
* OF SAFETY AIID SfDE FORCE INCLINATION BY SPEIICER'S PROCEDURE *
******************************************************************

DeIta
Delta-F Theta

(degrees)

l- 3.00000 l-5.0000 0.7160E+04 -0 - 2842E+07
First-order corrections to F and THETA -0.1028+01 0.5398+00
Values factored by 0.4908+00 - DeItas too large -0.5008+00 0.31-38+00

2 2.50000 15.31-33 0.2973E+O4 -0.11928+07
First,-order corrections to F and THETA -0.285E+00 0.127E+0L
Second-order correction - Iteration 1 ... -0.258E+00 0.L27E+01
Second-order correcEion - Iteration 2 ... -0.258E+00 0.127E+01

3 2.24190 15.5851 -0.3352E+02 -0.1199E+05
First-order corrections to F and THETA 0.484E-01 0.4488+0L
Second-order correction - Iteration 1 ... 0.502E-01- 0.448E+01
Second-order correction - Iteration 2 ... 0.5028-01- 0.448E+0L

4 2.292L0 2L.062? -0.15108+01 0.2100E+04
First-order corrections to F and THETA -0.277E-02-0.251-E+00
Second-order correction - It.erat,ion 1 .. . -0.27 6E-02-0.2518+00
Second-order correction - Iteration 2 ... 'A.27 6E-02-0.26L8+00

3 2.28934 20.8018 -0.15028-02 -0.24518-01-
First-order corrections to F and THETA 0.1228-05 0.980E-04

FACTOR OF SAFETY _

SIDE FORCE INCLINATION _ -
NUMBER OF ITERATIONS

2.289
20.80
5

urExAsz - vER. 1.209 Ll 7/87 - SN00012 - (C) 1985 S. G. WRTGHT



Date of this run: 7: 3:2000 Time of this run: l_i_:29: I
SCa. 21+00, Deer Creek Drainage (Portal Area)
Reclaim Slope Condition
Cireular Shear Surface Search

TABLE NO. 24
******************Jr**************************

* FTNAT RESULTS FOR SHEAR SURFACE (CRITTCAL *
* SURFACE IN CASE OF A SEARCH) *
**************r******************* ***********

SPENCER'S PROCEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of safety = 2 -289 side Force rnclinat,ion = 2a.80 Degrees

VALUES AT CENTER OF BASE OF SLICE

Slice
No. X-center

Total Effective
NormaL Normal Shear
Stress Stress Stress

I

z
3

4

5

6

7

I
9

10
t_t

L2
IJ

14
15
16
1.7

18
19

21.

22
/,J
z,+

25
26

228.3
231_.0
233.1
236.0
238 -2
240.8
243.5
246.1
248.8
251.5
254.L
256.'t
259.2
261. .6
254 -r
266 .4
268.7
2't 0 .9
273.0
2't5.0
216 -9
2'r8.7
280 .4
282.0
283.5
284.6

Y-center

469.7
469.2
458.8
468.6
468.5
458.5
468.7
469-0
459 .4
469.9
470 .6
47L.5
472.5
473 .6
474.8
476.I
477.5
479.2
480.9
482.7
484.6
486 .6
488.7
490.9
493.2
495.2

25L.3
572.9
134.4
898.4

t427.8
11q? q

7260.2
1341.0
r.397.9
7432.4
1446.1
1440 - 5

1416 _ 9

r-376.5
1321.0
1251_.4
1159.1
1075.s

972.0
850.0
741.3
617.3
490.0
JbI.J

233.3
r25 .9

25r-.3
5I2.9
734.4
898.4

!027 .8
1l_53.5
L250.2
1341.0
1397.9
L432 .4
1445.1
1,440.5
L4L6.9
r_375.6
r-321-.0
L25t .4
1t_ 69 . t_

10?5. s

972.0
860.0
?4r".3
617.3
490.0
361.3
233.3
725.9

191.8
250 .4
11R q

36L.6
395.6
428 .6
456. 6

477.8
492.7
501.7
s05.3
503.9
497.1
487.L
472 "5
454.2
432 .6
408.1
380.9
3s1.5
320 .4
287 - 8

254 .4
220 .6
187.0
158.8

(= 0.246F'-02l

(= 0.3228-O2l

(= 0.554E+00)

{= 0.1"33E-02}

CHECK SUMS - (ALL SHOULD BE SMALL}
SIIM OF FORCES IN VERTICAL DIRECTION

SHOULD NOT EXCEED 0.100E+03
ST]}I OF FORCES IN HORIZONTAL DIRECTION

SHOULD NOT EXCEED 0.L00E+03
SUM OF MOMENTS ABOUT COORDINATE ORTGIN

SHOULD NoT EXCEED 0.1.00E+03
SHEAR STRENGTH/SHEAR FORCE CHECK-SI.'M

SHOULD NOT EXCEED 0.100E+03

urEXASz - VER. 1.209 - Ll'7/87
Date of this run t '7 : 3 :2000
Sta. 21+00, Deer Creek Drainagre
Reclaim Slope Condition
Circular Shear Surface Search

- sN00012 - (c) 1985 s. c. wRrcHT
Time of this run: 11:29: I

(Portal Area)

0.00

0.00

0.55

0.00



TABLE NO. 25
* * ** * * * * * * * Jr* * Jr ** * * * * * * rr * * * * ** ** * * ** * * * * * * ** *

* FINAL RESULTS FOR SHEAR SURFACE {CRITICAI *
* SURFACE IN CASE OF A SEARCH) *
*******************rk*************************

SPENCER'S PROCEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of Safety = 2.289 Side Force Inclination = 20.80 Degrrees

VALUES AT RIGHT SIDE OF SLICE

Slice
No.

l-

2

3

5

5

1
A

9

l_u

t1
!2
LJ

t4
L5
1_6

L7
18
l_9

20
2L
22
23
24
25
26

X-Riqht

229.'?
zJz-3
235.0
237.0
239 -4
242.L
244.8
24't.5
250.1"
252.8
255.4
257 .9
260 -4
262.9
265.2
257 .6
269.8
27t.9
274.0
275.0
277.8
279 .6
28L.2
282.8
284.2
285 -L

698.
1684.
2835.
3729.
4805.
5958.
6990.
7855.
8520.
8954.
9178.
91"5L.
8922.
8479.
7855.
?085.
6200.
524L.
4252.
3276.
2358.
1540.
853.
363.

70.
0.

4',70.2
470.3
470.5
4',10 .7
47L.L
471.5
4"12.0
472.'7
473 .4
474.2
475.r
4?6.0
477 .L
478.2
479.5
480.7
482.I
483 .5
485.0
485. s
488. i.

489.8
491 .5
493.2
495.0
2.4t.o

0.417
0.369
0.349
0.340
0.332
0.326
0.32L
0-317
0.313
0.310
0.307
0.304
0.301
0.298
0.294
0.291
0.285
0.28L
0.2'15
0.268
0.259
0 -246
0.228
0.203
U.I] 

'
BELOW

Y-Coord. of
Side Side Force

Force Location

FracLion Sigrma Sigrma
of at at

Height Top Bottom

CHECK SUI"IS - (ALL SHOULD BE SMALL)
SUM OF FORCES TN VERTICAL DIRECTION

SHOULD NOT EXCEED O.1OOE+03
ST]M OF FORCES IN HORIZONTAL DIRECTION

SHOUTD NOT EXCEED 0.100E+03
STIM OF MOMENTS ABOUT COORDINATE ORIGIN

SHOULD NOT EXCEED O.1OOE+03
SHEAR S?RENGTH/SHEAR FORCE CHECK-SUM

SHOULD NOT EXCEED O,1OOE+03

EIVD-OF-FILE E}ICOUNTERED WHILE READING
WORDS - END OF PROBLEM(S) ASSUI,IED

0.00

0.00

0. 55

0.00

171.3 515.2
92.0 764.r
47 .9 948.4
22.3 1059.4
-2.9 r.169.7

-26.8 L267 .r
-47 .2 1338.7
-64.6 1386.7
-79.5 14L3.0
-92.1. L4L9 .2

*102. 6 1406. ?

-l_11.1 L377.0
-tL1 .7 1331 . 4
-L22 .4 L271, .t
-L25.3 L1_97 . 5
-L26.4 1112.0
-L25.6 1015.8
-1,22.8 910.2
-118.0 796. 5
*11_0,8 576-1
-100.9 550. 6

-87. s 42I.4
-69.5 290.5
-45.5 r_6r_. 6

-L6.2 47.0
-0.3 0.3

(=

0 - 2468-02 )

o.322E-02\

0 . 554E+00 )

0 . r_33E-02 )

(=

(-

(=

COMMAND



urEXASz - VER. L.209 - Ll 7/87 - sN00Ol_2 _ {C} 1985 S. c. wRrcHT
Dat,e of this run; 7: 6:2000 Time of this run: 8:23:31_
TABLE NO. 1
* * * ** * * * * * ** ** * * * * Jr * ** * ** *rt * * * * * * * ** * * ** * *
* COMPUTER PROGRAI!! DESTGNATION - UTEXAS2 *
* Originally Coded By Stephen G. Wright *
* Version No. 1.209 *
* Last Revision Date 1/ 7 /g't. r,

* Serial No- 000L2 *
* (c) Copyrightr 1985 Stephen G- Wright *
* All Rights Reserved *
********************** ********************

********t*******************************tr*****i***************

**
* RESULTS OF COMPUTATIONS PERFORMED USING THIS COMPUTER *
* PROGRAM SHOULD NOT BE USED FOR DESTGN PURPOSES UNLESS THEY *
* HAVE BEA'I VERTFIED BY INDEPENDENT ANALYSES, EXPERIMENTAL *
* DATA OR FIELD EXPERIENCE. THE USER SHOUTD UNDERSTAND THE *
* ALGORITHMS AND ANALYTICAL PROCEDURES USED TN THE COMPUTER
* PROGRAM AT'ID I'IUST HAVE READ ALL DOCUI4ENTA"ION FOR THIS *
* PROGRAM BEFORE ATTEMPTING ITS USE. ***
* NEITHER THE UNIVERSITY OF TEXAS NOR STEPHEN G. WRIGHT I
+ MAKE OR ASSUME LIABTLTTY FOR ANY WARRANTIES, EXPRESSED OR *
* TMPLIED, CONCERNING THE ACCURACY, RELIABITITY. USEFULNESS *
* OR ADAPTABILITY OF THIS COMPUTER PROGRA}T. *

*
************************************+ *************************

urEXAS2 - VER.7.209 - Ll 7/8'I - sN00012 - tc) 1985 s. c. WRTGHT
Date of this run: ']: 5:2000 Time of this run: g:23:3i.
Sta. 0+00, Deer Drainage (portal Area)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 2
****** **i****************

* NEI^I PROFILE LINE DATA *

PROFILE LINE 1 - MATERTAL TYPE
Gravel w/ Sandy Clay

PROFILE LTNE 2 - MATERIAL
Clay w/Coal and cravel

Point

t
z

Point

I
2

PROFILE I,INE
Bedrock

Point

1

X

0 - 000
150.000

X

0.000
150.000

Y

525.000
525.000

TYPE =

Y

3 - MATERIAIJ TYPE =

470.000
470.000

Y

455.0000.000



2 L50.000 465.000

AII new profile lines defined - No o1d lines retained

urEXAS2 - VER, 1.209 - Ll 7/87 - SN00012 * (C) 1985 S. c. WRTGHT
Date of this run: 7:6:2000 Time of this run: 8:23:31
Sta. 0+00, Deer Drainage (Porta1 Area)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 3
********* *** ********rt******** x

* NEW MATERTAI. PROPERTY DATA *
* ** ** *** ** * * * * * * * *-** ** * **+* * * *

DATA FOR MATERIAL TYPE 1-

Gravel w/ Sandy Clay

Unit weight of material

CONVENTIONAL ( ISOTROPIC}
Cohesion
Friction angle - -

No (or zero) pore water

DATA FOR }4ATERIAIJ TYPE 2

Clay with Coal and Gravel

Unit weiqht of maE,erial

CONVE}frTIONAL ( TSOTROPIC}
Cohesion - -
Friction anql-e - -

No (or zero) pore water

DATA FOR I,IATERIAL TYPE 3

Bedrock

Unit weight of material = 140.000

COTWE}flTIONAL (TSOTROPIC) SHEAR STRENGTHS
Cohesion - - - L000.000
Frict,ion angrle - 45.000 degrees

No (or eero) pore water pressures

All new material properties defined - No o1d data retained

uTElGS2 - VER. 1.209 - Ll 7/87 - SN00012 - (C) 1985 S. c. WRTGHT
Date of Ehis run: 7r 6:2000 Time of this run: 8:23:31-
Sta. 0+00, Deer Drainage (Portal Area)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 6
***********t ***************

* NEW SLOPE GEOMETRY DATA i
***************************

= L2i-.500

SHEAR STRENGTHS

288.000
31.000 degrees

pressures

= 115.000

SHEAR STRENGTHS

100.000
3L.000 degrees

pressures

AI1 new data input - No old daEa retained



Slope Coordinates -

Point

1

z

3

4

5

0.000 525.000
42 .000 s00.000
70.000 4?5.000
90.000 470.000

150.000 457.000

UTEXASz - VER- 1.209 - 1/ 7/8.1 _ sN00012 _ (c) 1985 S. G. WRTGHT
Date of this run: J : d:2000 Time of this run: g:23 :31
Sta. 0+00 , Deer Drainagte { portal Area )

Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 9*********************************
* NEW ANALYSTS/COMPUTATION DATA *
************* **** ***********rr****

Circular Shear Surface(s)

Automatic Search performed

Starting Center Coordinate for Search aE -
x - 75.000
J = 525.000

Required accuracy for criLicat center (= minimum
spacing between grid points) = 0.300

Crit,ical shear surface not, altowed to pass below y = 450.000

For the initial mode of search
all circles are Eangent t.o horizontal line at

Y - 450.000

Depth of crack = 3-000

Short form of output will be used for search

THE FOLLOWING REPRESENT EITHER DEFAULT OR PREVIOUSLY

Initial trial eseimate for the factor of safety =

rnitial trial estimate for side force incrination =

DEFINED VALUES:

3.000

15.000 degrees(Applicable to Speneer's procedure only)

Maximum number of iterations allowed for
calculatingr the factor of safety = 40

Allowed force imbalance for converg€DC€ =

Allowed moment imbalance for converg€rlc€ =

100.000

1 00.000

Initial lrial values for factor of safety (and side foree inclination
for spencer's procedure) will be kept constant during search

Maximum subtended angle to be used for subdivision of the
circle into slices = 3.00 degrees

search will be continued to locate a more criticaL shear



surface (if one exists) after

Depth of water in craek =

Unit weight of water in crack

Seismic coefficient = 0.000

Procedure used to compuLe the

the initial mode is complete

0.000

= 62.400

factor of safety: SPENCER

urExAsz - vER. 1.209 - 7/ 7/87
Date of this run: 7: 6:2000
Sta. 0+00, Deer Drainage {PorEal
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. !4

SNOOO12 - (C) 1985 S. G. WRIGHT
Time of this run: 8:23:31
Area )

*****************************************+******************
* SHORT-FORM TABLE FOR SEARCH WITH CTRCULAR SHEAR SURFACES '
* ** * * * ** * * f * * * * * ** * it ** * * ** * * * * * * * * * t * * * * + * * * * * * * * ** * * * * * * * * *

CenEer CoordinaEes of
Critical Circle

Mode X Y

2 Tangent. Line 73 .200 533.700
at Y = 460.0

3 Constant Radius 75.000 542. L00
of R = '13.7

2 Tangent Line 77.L00 549.000
at Y = 458.4

3 Constant Radius 77.100 549.300
of R = 80.6

TABLE NO. 15
***i* FINAL CRITICAL CIRCLE INFORMATION *****
X Coordinate of Center - - - 77. L00
Y Coordinate of Center 549-300
Radius - 80-500
FactorofSafety-- - I.464
Side Force Inclination - - ^26.93

Num.ber of circles tried I'19
No. of circles F calc. for - - - 1,23

***** CAUTION

***** RESULTS

Factor side
of Force

Radius Safety Inclin.

73.700 2.707 -2L.32

73 . 7 00 L ,475 -26 .52

80.600 l-.465 -26.69

80.600 1.464 -26.93

***** FACTOR OF SAFETY COULD NOT BE COMPUTED FOR SOME

OF GRID POINTS AROUND THE MINIMUM
I,IAY BE ERRONEOUS *****

urE}(ASz - vER. L.209 - Ll 7/81 - SN00012 - (C) l_985 S. c. WRTGHT

DaEe of this run: 7: 6:2000 Time of this run: 8:23:31
Sta. 0+00, Deer Drainage (Portal Area)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 2A

* INFORMATION FOR
* SHEAR SURFACE IN

INDIVIDUAL SLICES (INFORMATION IS FOR CRITICAL
THE CASE OF AI{ AUTOMATIC SEARCH)



*****J.***Jr********************************************************

Slice
No.

1

2

J

4

5

5

'l

I

9

10

11

'J.2

t3

14

15

L5

17

l-8

l-9

20

2L

Slice
No.

X

2.4
3.2
4.1.
5.0
6.0

8.1
9.1

10.3
t l-.5
12. B

14.0
L5-4
15.8
1.8.2
19.6
zL-z

22.'1
24.3
25.9
I t -J

29.2
30.9
32 .5
34 .4
36.2
38. t_

39 - 9
41.0
42 .0
43.9
45.8
47 .8
49. I
51.8
s3.8
55.8
5't .9
59.9
62.0
52.3
62.7

Y

52L.0
5t_9. t
517.l_
51 5.2
513.3
s1_L.4
509.6
507.8
505.0
504.2
502.5
500.8
499.1
497 .5
495.9
494.3
492.8
491 .3
489.8
488.5
487.1
485.8
484.5
483 .3
482.7
481.0
479.8
478.8
477.8
471 .3
476.7
4'15.9
475.0
4'14.2
473.5
472.8
472.1.
4't1 - 6

471.0
470.5
470-1
470. 1

470. 0

Cohesion

288.00

288.00

288 - 00

288.00

288.00

288.00

2 88. 00

288.00

288.00

288.00

288.00

288.00

288 - 00

288.00

288.00

288.00

288.00

288-00

288. 00

288.00

288.00

FricLion
Angle

3l-.00

3l_.00

3l-.00

3t_.00

3l_.00

31.00

31.00

31,00

31.00

31_ . 00

31.00

31" - 00

31.00

31_ . 00

31.00

31.00

31 .00

3r-.00

31.00

31.00

31.00

Pore
Pressure

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0_0

0.0

0.0

0.0

0.0

0.0

0-0

0.0

0.0

0.0

0-0

0.0

Slice MaEl.
WeighL Type

862 .4 r_

1594.2 L

2.409.8 1

3285. 4 L

4200.9 1

5L30.2 I

6051 .5 L

6942.7 L

1782.4 L

8550. 4 L

922't.7 I

979't .2 r

10243.4 L

10552.8 1

5909.2 |

10459.3 1

9825.7 L

8984.3 t_

7948.3 I

6724.0 t_

1013.0 t-

UTEXASz - VER. 1.209 - Il 7/87 - SN00012 - (C) 1985 S. c. WRTGHT
Date of Ehis run: 7 : 6:2000 Time of this run: 8:23:31
Sta. 0+00, Deer Drainaqe (Portal Area)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 20
********t*********************************************************

* TNFORMATION FOR INDIVIDUAL SLICES (INFOR}4ATTON IS FOR CRITICAL *
* SHEAR SURFACE IN THE CASE OF AN AUTOMATIC SEARCH) *
* * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * rt * * * * * * * ** ** * ** **** * * * * ***

Slice Matl. Friction pore
Weigrht Type Cohesion Angle Pressure



22

?1

4.t

25

26

21

28

29

?n

62.7
64.8
66.9
68.4
70 .0
'12.r
't 4.2
75.7
'r7 .t
'19.2
81.3
83 .4
85.5
8'1 .6
89.7
89.9
90.0
90 - 6
9L.2

470.0
469.7
469 .4
469.2
469.0
468.9
458.8
468 -7
468.7
468.8
468.8
469.0
469.l_
469 .4
469 .7
469.7
469 .7
469.8
459.9

o

0.
0.
0.
n

n

0-
0.
0.
0.
0.
U.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

s0s5.2

27 45.L

2830.4

L581.7

1986 - 5

1336.0

583.4

10.8

17. I

521.3
518.9
s15.4
514.0
511.5
s09.1
505.7
504.2
s01.9
499. 5

497 .2
494.9
492.7
490.6
488. 9

487.1
484.5
482. 0

479 .6
47't .3
476.0
474.7
472.8
47i..7
47L.2
470.7
4?0 .3

100.00

t-00.00

l_00,00

100 - 00

100.00

100.00

100.00

100.00

100.00

3r..00

31.00

31.00

31.00

31.00

31.00

31_.00

31.00

31.00

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

UrEXASZ - VER. 1 .209 - Ll 't / 87
DaLe of this run: 7: 5:2000
SEa. 0+00, Deer Drainagre {Portal
Reclaim Slope Condition
CircuLar Shear Surface Search

sN00012 - (c) 1985 S. c. wRrcHT
Time of this run: 8:23:3L
Area)

FORCES DUE TO SURFACE PRESSURES

Normal Shear
Force Force X y

TABLE NO. 21,
*********************************************** **r***i************
I INFORMATION FOR INDIVIDUAL SLICES (INFORMATTON IS FOR CRITICAL *
* SHEAR SURFACE IN THE CASE OF AN AUTOMATIC SEARCH} *
* ********** i******** **********************************************

Slice
No.

1

2

3

5

6

7

I
9

10
ti.
L2
L3
14
15
L6
t7
18
l_9

20
2L
22
23
24
25
26
27

X

2.4
4.L
5.0
8.1

10.3
t_2.8
r.5.4
78.2
2L.2
24.3
27.5
30.9
34.4
38.1
41 .0
43.9
4? .8
s1.8
55.8
59.9
62.3
64. B

68.4
72.r
75.7
79.2
83 ,4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Y for
Seismic Seismic
Force Force

0.
0.
0.
n

0.
0.
0.
0-
0.
0.
0.
0.
0.
0.
0.
n

0.
0.
0.
0.
0.
0.
0.
n



28
29
?n

87.6
89.9
90. 5

0.0
0-0
0.0

0.0
0.0
0.0

U.
0. 0.

n

0.

470.0
469.9
469.9

TABLE NO. 23
******************************Jr****************.1******************

* INFORMATION GENERATED DURING ITERATIVE SOLUTION FOR THE FACTOR *
* OF SAFETY AND STDE FORCE INCLINATION BY SPE}TCER'S PROCEDURE *
********+**************************** *****************************

UTEXASz - VER. I.209 - Ll 1/87
Date of this run: 7:6:2000
Sta. 0+00. Deer Drainage (portal
Reclaim Slope Condition
Circular Shear Surface Search

5 1 .44994 -24 .32't3 0 . 6066E+02
First-order corrections to F and THE?A
Second-order correction - fteraLion 1

Second-order correction - fteration 2

urExAsz - vER. 1.209 - Il 7/8,1
Date of this run r, i : G:2000
Sta. 0+00, Deer Drainage {portal
Reclaim Slope Condit.ion
Circular Shear Surface Search

sNo0012 - tc) 1985 S. c. wRlcHT
Time of this run: I : 23 : 3 i-

Area)

Trial Trial
Factor Side Force Force Moment

rter- of rncli-nation rmbalance rmbalance Delta-F
ation Safety (degrees) ( lbs, ) ( ft. -lbs. )

0.1796E+05

Delta
Theta

(degrees )

0. L43E-01-0.269E+01
0.l-47E-0L-0.269E+01
0. 147E-01-0.269E+01

1 3.00000 -15.0000 -0.42718+05 0. Z05GE+O8
First-order corrections to F and THETA _0.314E+0L_O-20?E+01
VaLues factored by 0-159E+00 - DeItas too large -0.500E+00-0.330E+00

2 2.50000 -15.3300 -0.34G?E+05 0 - 16?0E+08
First-order corrections to F and THETA -0.j_g1E+01-0-2448+01
Values factored by 0.276E+00 - Deltas too large -0.500E+00-0.G748+00

3 2.00000 -16.0045 -O.ZZ96E+05 0. t_i.0BE+08
FirsE-order correcrions to F and THETA -0.?g4E+00-0.317E+01
Values factored by 0.63?E+00 - Delt.as too large -0.500E+00-0.202E+01

4 L.50000 -18.0237 -0.3985E+04 O.Z}ZGE+0?
First-order corrections to F and THETA -0.53gE-01-0.630E+01
second-order correct,ion - rteration 1 ... -0-501_E-01-0.6308+01
second-order correction - rreration z ... -0.50LE-01-0-5308+01

6 1.46458 -21 .0L96 0.1325E+01 -O .ZZ09E+04
First-order corrections to F and THETA -0-446E-03 0.89g8-01
second-order correction - rterat,ion 1 ... *0.445E-03 0.gggE-OL

7 L.46424 -26.9298 -0.40598-02 -0.104i_E+01
First,-order corrections to F and THETA -0.90?E-06 0.1598-03

FACTOR OF SAFE?Y - - ]..454
SIDE FORCE INCLTNATION - - - .26.93
NUMBER OF ITERATIONS _ 7

SNOOO1Z - (C} 1985 S. G- WRIGHT
Time of Ehis run: 8:23 ;31
Area)

TABLE NO. 24
*****************+***************************
* FINAL RESULTS FOR SHEAR SURFACE {CRITICAL *



* SURFACE IN CASE OF A SEARCH) *
* ** ** ** * * * ** J. * * * ** * * *** ** * * * * * * * * i? ** * * * ** * * * *

SPE}TCER'S PROCEDURE USED TO COMPUTE FACTOR OF SAFETY

Factor of Safetsv = 1.464 Side Force rnclination = -26.93

VATUES AT

Degrees

SLice
No. X-cenLer

CENTER OF BASE OF SLICE_

Total Effective
Normal Normal Shear
Stress SLress SLress

1

I

3

4
5

6

I
9

10
11
'1.2

13
L4
l-5
16
L7
18
19
20
2L
2Z
z5
24
25
26
27
28
29
30

4-+

6.0
8.t

-!n ?

L2 -8
15.4
].8.2
2I.2
24.3
27 .5
30.9
34 .4
38.1
4L.0
43.9
47.8
51.8
55.8
59.9
62.3
64.8
68.4
72.7
75.7
79.2
83 .4
8't .6
89. 9

90.5

Y-center

519 - 1-

515 .2
511- .4
507.8
504.2
500.8
497 .5
494.3
491-.3
488.5
485. I
483 .3
48L.0
478.8
477 .3
475.9
47 4.2
472.8
47r .5
470.6
4'70.r
469.7
469.2
468.9
468.7
458.8
459.0
469.4
469.7
459.8

5l_.8
207 .2
375.8
s53.8
737.9
924.8

l_11r_.7
1295.7
L47 4 .r
L644 .2
l_803.6
L949.'7
2080.0
2792.0
2266 .8
2265.7
2l_93.I
2078.9
1916.5
L?01.5
1552.8
1,324.1
l_009. s

827.8
7 62.0
ool_. r
497 .2
273.r
J.28 .4

96 .4

sl-.8
207 .2
375.8
553 .8
737 .9
924.8

1Ll_1.7
1295.'1
1474,l_
L644.2
1803.5
1949 -7
2080.0
2L92.0
2266 .8
2265.7
2193.8
2078.9
1916 - 5

1701.5
L552.8
3-324.r
1009.5

827.8
7 62.0
66L. t_

497 _2

ZIJ.I

L28 .4
96 .4

218.0
28r.7
350.9
423.9
499.5
57 6.2
652 .9
728.4
801.6
871-4
936.8
996.8

1050.2
1096.2
1125-9
rL26 .4
1096. e
l-049.8
983.1
894.9
833.9
OII. O

482.5
408.0
381.0
339.6
272.3
180.3
121.0
107.9

(= 0. 4728-O2J

(= 0 .3 68E-02 )

(= 0.5?1E+00)

(= 0.288E-02 )

CHECK STIMS . (ALL SHOULD BE SMALL}
SUM OF FORCES IN VERTICAL DIRECTION

SHOULD NOT EXCEED 0.1008+03
SUM OF FORCES IN HORIZONTAL DIRECTION

SHOULD NOT EXCEED O,1OOE+03
SU},I OF MOMENTS ABOUT COORDINATE ORIGIN

SHOULD NOT EXCEED O.1OOE+03
SHEAR STRENGTH/SHEAR FORCE CHECK.SUI,I

SHOULD NOT EXCEED O.1OOE+03

0.00

0 .00

0.57

0.00

UTEXASz - VER. r-.209 - L/ 7/87 - SN000l-2 - (C) l-98s S. G. WRTGHT

Date of this run: 7: 5:2000 Time of this run: 8:23:31-
Sta. 0+00, Deer Drainage {Portal Area)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 25
*********************************************
* FINAL RESULTS FOR SHEAR SURFACE (CRITICAL *
* SURFACE IN CASE OF A SEARCH) *



SPENCER'S PROEEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of safety = 7.464 side Force rnclinaLj_on = -26-93 Degrees

VALUES AT RIGHT SIDE OF SLICE

Slice
No.

II

2

3

6

I
9

10
t1
L2
13
l9

L6
L7
l-8
19
zv
2I
22
23
24
25
25
27
28
29

*****

*****

X*Right

3.2
5.0
t.v
9.1

11.5
14-0
16.8
19.6
22 -1
25 -9
29.2
32 -6
J6. Z

39.9
42 .0
45.8
49.8
53-8
57.9
62.0
6Z- I

65.9
70.0
7 4.2
77 .L
81.3
85.5
89.7
90.0
9r.2

-1s9.
155 .

955.
2L67 .

3738.
5590.
tD5Z.
9763.

t_l_877.
r.386s.
75622.
r.7045.
18042.
18528.
18553.
1 8110 .

17048.
15423.
13331.
109L1.
104?9.

85']"1 .

7259.
5575.
4385.
2596.
L227 _

2I2.
155.

n

518.7
511.9
5l-0.9
508.4
505.7
503.0
500.3
497 .7
495.2
492.7
490.3
488.1
485.9
483.9
482.8
48L.0
479.3
47'1 .9
416 .6
475 -1
475.5
474.5
473.'I
472.'?
472.7
4tI .4
470.8
4't o .2
470. l_

-356.7

CHECK SUMS - (ALL SHOULD BE SMALL)
SUI,I OF FORCES IN VERTICAL DIRECTION

SHOULD NOT EXCEED O.1.OOE+03
SU}4 OF FORCES IN HORTZONTAL DIRECTION

SHOULD NOT EXCEED 0. t_008+03
SUM OF MO}IENTS ABOUT COORD]NATE ORTGIN

SHOULD NOT EXCEED O.1OOE+03
SHEAR STRENGTH/SHEAR FORCE CHECK-SUM

SHOULD NOT EXCEED 0. t_00E+03

Y-Coord. of
Side Side Force

Force Location

Fraction Sigrma Sigrma
of at at

Height Top Bottom

0 - 250 10.4 -58. t_

BELOW -50.5 84 - 3

0.r.1_9 -97.0 248.0
0.177 -133. 6 417.8
0.204 -]-64-4 589.3
0.22! -191. 4 759 .6
0 .232 -21,5. I 926.2
0 -240 -238.3 1085.2
4.245 -258.8 1236. B

o.249 -277 .L 1.374.7
0 .252 -292.8 1495.7
0.255 -305.3 1598 - ?

a_257 -313.s 1.616.4
0 .259 -315. 6 1724 -5
0.263 -303.2 L743.4
a .277 -252.7 t_750.5
0.300 -155.7 1708.9
0.331 -10.1 1595. ?

0.379 2L9.1 1384.9
0.460 513. s 1003 .3
0.479 709.8 910.2
0.605 1476.1 332.5
0.702 2]-47.0 -204.4
0.755 2425.9 -512.5
0 - 748 2150 - 7 -422 .8
0.7s8 1823.5 -392. s
0.835 L667. s -551-2
ABOVE 2794.2 -7802.1
ABOVE 2508.1 -l-587.2
BELOW 0.0 0.0

0.00 (= 0. 472E-02)

0.00 (= 0-368E-02)

0.57 (= 0-5?1E+00)

0.00 (= 0.288E-02)

CAUTION ***** FORCES BETWEEN SLICES ARE NEGATIVE AT POINTS
ALONG THE UPPER ONE_HALF OF fHE SHEAR SURFACE -
A TENSION CRACK MAY BE NEEDED.

CAUTTON ***** SOME OF THE FORCES BETWEEN SLICES ACT AT POINTS
ABOVE THE SURFACE OF THE SLOPE OR BELOW THE
SHEAR SURFACE - EITHER A TENSION CRACK MAY BE. 
NEEDED OR THE SOLUTION IIAY NOT BE A VALID SOLUTION.

END-OF-FTLE ENCOUNTERED WHTLE READING COMMAND

WORDS - END OF PROBTEM(S) ASSUMED





UTEXAS2 - VER. 1.209 - tl.7/8-I _ sN00012 _ (C) j-985 S. c. wRrcHT
Date of t.his run: 'r: 3:2000 Time of t.his run: !2:50:25
TABLE NO- 1
* ** * * ** * * * * * ** * ** *** * * * * * * * * * * * x** * * rr * * * **
* COMPUTER PROGRAM DESIGNATION _ UTEXAS2 *
" Originally Coded By Stephen G. Wright *
* Version No. 1.209 *
* Last Revision Date Il'l/97 *
* Serial No. 00012 i
* {c) Copyrighr 1985 Stephen G. Wright *
* AIl Rights Reserved *
******************************************

* RESULTS OF COMPUTATIONS PERFORMED USING THTS COMPUTER *
* PROGRAM SHOULD NOT BE USED FOR DESTGN PURPOSES UNLESS THEY *f HAVE BEEN VERIFIED BY INDEPENDENT ANALYSES, EXPERIMENTAL *
* DATA OR FIELD EXPERIENCE. THE USER SHOULD UNDERSTAND THE *
* ALGORITHMS AND ANALYTICAL PROCEDURES USED IN THE COMPUTER ** PROGFAM AND MUST HAVE READ ALL DOCUMENTATION FOR THIS *
* PROGRAM BEFORE ATTEMPTING TTS USE. ***
* NEITHER THE UNIVERSTTY OF TEXAS NOR STEPHEN G. WRIGHT T
* MAKE OR ASSUME LIABILITY FOR ANY WARRA}JTIES, EXPRESSED OR *
* IMPLIED. CONCERNTNG THE ACCURACY, RELIABILITY, USEFULNESS *
* OR ADAPTABILITY OF THTS COMPUTER PROGRAM. *
* *
************************t*************************************

UTEXAS2 - VER. L-209 - tl 7/87
Dat,e of t,his runr J: 3:2000
Sta. 13+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 2
***+*********** ******** **
* NEW PROFILE LINE DA?A *

PROFILE LINE 1 . IVIATERTAL TYPE
Gravel w/ Sandy CJ-ay

Point X y

- sN00012 - (c) 1985 S. c. wRrcHT
Time of this run: IZ:50:25

(Waste Rock Area)

All new profile lines defined

425.000
400.000
390 - 000
3 90. 000
400.000
425.000
4s0.000
475.000
485.000
500.000

- No old lines retained

1

2

J

4

5

6

7

I
9

10

2.000
35.000
s0. 000
66 " 000
98.000

r.83.000
270.000
356.000
390.000
400.000

uTE}(ASz - VER. 1.209 - I/'I/87 - sN00012 _ (C) 1985 s. c. wRrcHT
Date of this run: '].;3:2000 Time of this run: 12:50:25
SEa. 13+00, Deer Creek Drainagre (Waste Rock Area)



Recl-aim Slope Condition
Circular Shear Surface Search

TABLE NO. 3
********ti*****************t ***

* NE\dI MATERIAL PROPERTY DATA *

DATA FOR MATERIAL TYPE ].

Gravel w,/ Sandy Clay

Unit weight of material = 121-.500

CONVENTIONAT (ISOTROPIC) SHEAR STRENGTHS

Cohesion 100.000
Friction angle 3L.000 degrees

No {or zero) pore water pressures

41l new material properties defined - No o1d daua retained

AlL new daEa input - No old data retained

Slope Coordinates -

UTEXASz - VER. r-.209 - L/ 7/87
Date of this run: 7: 3:2000
Sta. L3+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 5
****** *********** *rt*** **** *

* NEW SLOPE GEOMETRY DATA *

- sN00012 - (c) 1985 s. G. WRTGHT

Time of this run: 12:50:25
(Waste Rock Area)

- sN00012 * (c) 1985 S. G. WRTGHT

Time of this run l l-2:50 : 2 5

(Waste Rock Area)

Point

1
az

J

5
A

7

lt

50.000
65.000
98.000

183.000
270.000
355.000
390.000

Y

3 90. 000
3 90.000
400.000
425.000
4s0.000
475.000
485.000

UTEXASz - VER. 3..209 - Ll 7/87
Date of this run: 7z 3:2000
Sta. i-3+00, Deer Creek Drainage
Reclaim Slope Conditrion
Circular Shear Surface Search

TABLE NO.

* NEW ANALYSIS/COMPUTATION DATA *
*********************************

Circular Shear Surface(s)

Automatic Search Performed

Starting Center Coordinate for Search at
225.000



Y-

Reguired accuracy for critical center {= minimum
spacing between grrid points) = 0.300

Critical shear surface not allowed to pass below

For Ehe initial mode of search
all circles are tangient to horizonLal line at

525.000

! = 3 60.000

Y - 3?5.000

Depth of crack =

Short form of output

3.000

will be used for search

THE FOLLOWING REPRESENT EITHER DEFAULT OR PREVIOUSLY DEFTNED VALUES:

fnitial trial estimate for the factor of safety = 3.000

fnitial trial esLimate for side force inclination = 15.000 degrees
(Applicable to Spencer's procedure only)

Maximum number of iterations allowed for
ealculat.ingr the fact.or of safety = 40

Allowed force imbalance for converqence =

Allowed moment imbalance for converllence =

Initial trial values for facEor of safety (and side force inclination
for Spencer's procedure) will be kept const,ant during search

Maximum subtended angle to be used for subdivision of the
circle int.o slices = 3 .00 degrees

Search will be continued to l_ocate a more critical shear
surface (if one exists) after the initiaL mode is complete

Depth of waLer in crack =

Unit weight of waLer in crack

Seismic coefficient = 0.000

Procedure used Eo compute the

100.000

100.000

0.000

= 62.400

factor of safety: SPENCER

urExAsz - vER. l-.209 - Ll 7/87
Date of this run: 7: 3:2000
sta. 13+00, Deer Creek Drainage
Reclaim Slope CondiEion
Circular Shear Surface Search

- sN00012 - (c) L985 S. c. wRrcHT
Time of this run: 12;50:25

{WasLe Rock Area)

TABLE NO. L4
*********************+*****************t********************
* SHORT-FORM TABLE FOR SEARCH WITH CIRCULAR SHEAR SURFACES *
********************* ******************************i********

Center Coordinates of
Critical Circle

Mode X y

2 Tangent Line 147 .300 592 - 500
at Y = 375.0

Factor Side
of Force

Radius SafeEy rnclin.

3 22 . s00 2 .484 L4 .7L



3 Constant Radius
of R = 322.5

2 Tangent Line
at Y = 387.9

3 Constant Radius
of R = 468.3

2 Tangent Line
dt Y = 388,5

3 Constant. Radius
of R = 473-4

TABLE NO. 15

Slice
No. X

65.8
r. 65.9

66.0
2 78.4

90 .7
3 94.4

98.0
4 100.7

103.5
5 L15.9

128.3
6 140.6

153.0
7 155.3

L77.6
I 180.3

183 .0
9 795.2

t-02 _ 90 0

104.400

105.000

103 .500

103.500

710.400

856.200

856 - 800

861.900

86r..900

l_

1

1

1

1

1

1

1

1_

322.500 2.393 L5.25

458.300 2.34L l_5.38

458.300 2 .339 1s.41

473.400 2.338 l_5.41

473 .400 2.338 15.41

***** FINAL CRITICAL CIRCLE INFORMATION *****
X Coordinate of eenter - - 103.500
Y Coordinate of Center - - 851.900
Radius 473 .400
Factor of SafeLy - - 2.339
Side Force Inclination - - j.5.41-

Number of circles tried 514
No. of circles F calc. for - - 378

,T**** CAUTTON ***** FACTOR OF SAFETY COULD NOT BE COMPUTED FOR SOME
OF GRID POINTS AROUND THE MINIMUM

***** RESULTS }4AY BE ERRONEOUS *****

UTEXAS2 - VER. 1.209 - L/ 't/8'.1

Date of this run: 7: 3:2000
Sta. 13+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

- sN00012 - (c) 1985 s. c- wRrcHT
Time of this run-. L2:50:25

(Waste Rock Area)

Slice Matl. Friction pore
Weight Type Cohesion Angle pressure

TABLE NO. 20
******************************+***********************************
* INFORMATION FOR INDIVIDUAL SLICES (INFORMATION IS FOR CRITTCAL *
i SHEAR SURFACE IN THE CASE OF AN AUTOMATIC SEARCH) *
********************tt*t******************************************

Y

390.0
390.0
390.0
389.3
388.7
388.5
388. s
388.5
388.s
388.8
389.1
390.1
391.1
392.7
394.3
394.8
395.2
397.6

0.1

L3644.2

9043.2

8214.7

49479.0

67296 .6

8083 r. . 7

19461.9

9r.r.99 - 3

100.00

100. 00

100.00

100.00

r_00.00

L00. 00

100.00

r_00.00

r.00.00

31.00

31.00

3r-.00

31.00

3l_ . 00

31.00

31.00

31.00

31.00

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0



l-0

1t

72

13

L4

_L)

16

L7

i_8

20'I .3
219.3
231_.3
243.2
255. 0

262.5
270.O
281.5
293.O
304-2
31 5.4
-lto - J

337.3
345. 6

3s6.0
356.3
J/O.O

379.9
383.3

400.0
403 .l-
405.1
409 -'?
41_3 .4
416. L

4l_8. ?

423 .4
428.I
433 .3
438.5
444 .4
450.2
455, 9

461.5
468.3
475.2
477.6
480.0

94549 .4

93642 .6

5'7807 -2

83514.0

?2583.8

58352.1

37365.5

2426L.9

3581-9

100,00

100.00

1-00.00

100.00

100.00

100.00

100 _ 00

100 - 00

100 - 00

31.00

31,00

31.00

31.00

31- 00

31.00

31.00

31.00

31-00

1

L

l_

1

I

1

l"

1

1

0.0

0.0

0.0

0-0

0.0

0.0

0.0

0-0

0.0

TABLE NO. 2L
***************************** ***********f ***************** ** ******

* TNFORMATION FOR TNDIVTDUAL SLICES (INFORMATION IS FOR CRITICAL *
" SHEAR SURFACE IN THE CASE OF AN AUTOMATIC SEARCH) *
**lr***************************************************** ******* ***

FORCES DUE TO SURFACE PRESSURES
Y for

Slice Seismic Seismic Normal Shear
No. X Force Force Force Force X y

l_ 65.9 0. 390.0 0. 0. 0.0 0.0
2 78.4 0. 391.5 0- 0. 0.0 0.0
3 94.4 0. 3 93 .7 0. 0. 0 .0 0.0
4 100.7 0. 394.'t 0. 0. 0 .0 0.0
5 115.9 0. 397.0 0. 0- 0.0 0.0
6 140. 5 0. 401.3 0. 0. 0 .0 0 .0
7 155.3 0. 406.2 0. 0 - 0 .0 0 .0
I 180.3 0. 409 . 5 0. 0, 0 .0 0.0
9 195.2 0. 4t_3 .l_ 0. 0. 0.0 0.0

10 2L9 .3 0. 4L9 .2 0. 0. 0 - 0 0.0
11 243.2 0. 426.0 0. 0. 0-0 0.0
12 262.5 0. 432.0 0. 0. 0.0 0.0
L3 281_.5 0. 438.4 0. 0. 0.0 0.0
t4 304.2 0. 445. 5 0. 0. 0.0 0.0
15 325.3 0. 455.4 0. 0. 0.0 0.0
16 345,6 0. 454.1 0. 0. 0.0 0.0
1? 356-3 0. 473.2 0. 0- 0.0 0.0
l_8 3?9.9 0. 479 .8 0, 0. 0.0 0.0

UTEXASz - VER. 1.209 - Ll '7/87
Date of this run: 7:3:2000
SLa. 13+00, Deer Creek Drainage
Reclaim Slope Condition
Circular Shear Surface Search

UTEXASz - VER. 1..209 - 1/ 7/87
Date of this run: J: 3:2000
SEa. 13+00. Deer Creek Drainage
Reelaim Slope Condition
Circular Shear Surface Search

TABLE NO. 23

- sN00012 - (c) L985 s. G. wRrcHT
Time of this run: 12:5O:25

(Waste Rock Area)

- sN00012 - {C} 1985 S. c. WRTGHT
Time of t,his run: 12:50:25

(Waste Rock Area)



* * * * * * * * * * * * * * tr * * * * * * * * * * * * * * * * * * Jr * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * *
* INFORMATION GENEFATED DURTNG ITERATIVE SOLUTION FOR THE FACTOR *
* OF SAFETY AND SIDE FORCE TNCLINATION BY SPENCER'S PROCEDURE *
******************************tr***********************************

Trial Trial
Factor Side Force Force Moment

Iter- of Inclination Imbalance fmbalance Delta-F
ation Safety (degrees) (lbs. ) (fL. -lbs. )

Delta
Thet,a

( degrees )

1 3 .00000 l-5 - 0000 0.5203E+0S -0.1?T2E+08
First-order corrections to F and THETA -0.g538+00 0.1_EGE+00
values factored by 0.587E+00 - Deltas too large -0.500E+00 0.9?3E-01

2 2.50000 l-5.0973 0.1540E+05 -0.5274F+0i
First-order eorrections to F and, THETA -0.1?48+00 0.220E+00
Second-order correetion - Iteration 1 ... -0.Ld3E+00 0.2208+00
second-order correcLion - rLeration z ... -0.163E+00 0.ZZ0E+00

3 2.33660 15.3176 -0.68228+02 0.38928+04
First-order corrections Eo F and. THETA 0.111E-02 0.9?1E-0L
second-order correction - rteration 1 . .. 0.1_Ll_E-02 0.9718-01

4 2.337'12 15 -4L41 -0 - 1648E-02 0.44898+02
First-order corrections Lo F and THETA -0.g928-0G-0.2258-03

TABLE NO. 24****************** **************** ***********
* FTNAL RESULTS FOR SHEAR SURFACE (CRITICAL *
* SURFACE rN CASE OF A SEARCH) *
* * ** * ** * * * * ** * * * * * * * ** * * * * * * I * * * * * * * * rr * ** ** **

SPENCER'S PROCEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of safety = 2.338 side Force rnclination = 15.41_ Degrees

VALUES AT CENTER OF BASE OF SL]CE----

FACTOR OF SAFETY -
SIDE FORCE TNCLINATION _ -
NUMBER OF TTERATIONS

UTEXASz - VER. 1.209 - I/ 1/8-?
Date of this run: 7: 3:2000
Sta. 13+00, Deer Creek Drainage
RecLaim Slope Condition
Circular Shear Surface Search

Slice
No. X-center Y-center

390.0
389,3
388.5
388.s
388.8
390.1
392.7
394.8
397.5
403 . t_
409.7
415.1
423 .4

2-338
15.41
4

- sN000l_2 - (c) 1985 S. c. wRrcHT
Time of this run:. 1,2:50:25

(Waste Rock Area)

Total Effective
Normal Normal Shear
Stress Stress Stress

't

z
3

4

5
A

I
9

10
1l-
T2

t3

65.9
78.4
94 .4

100 .7
1r_5.9
140.6
165.3
180.3
195.2
219.3
243.2
262.5
28r..5

18.0
627.6

r_371 .1
1,625.9
2128.9
2813.5
3298.1
352L.0
3529.5
3700.2
3 614.3
3446.3
31?0-2

18 .0
627.6

1371.1
r.625 . 9

2L29.9
2813. s

3298.1_
352r..0
3629.6
3700.2
3 614.3
3446.3
3I70.2

47.4
204.1
395.2
460.7
590.0
755.9
890.5
947 -8
975.'r
993.8
971. B

928.6
85?.5



T4
1"5

15
L7
18

304.2
326.3
346.6
JOO.J

379.9

433 - 3
444 .4
4s5.9
468.3
477.6

2736.8
2190.2
1587 .7

903.1
394.6

2136.8
2L90 -2
L587 .7

903-1
394.6

Fract,ion
of

Height

0 .01_4

0.450
0.389
0.368
0.343
0.335
0 - 331
0.33r_
0.331
0.332
0.332
0.333
0.334
0.335
0.338
0.348
0.261
BELOW

146.2
605.7
450.9
27 4.9
L44.2

(= 0 .203E-01- )

(= 0-143E-01-)

CHECK SUMS - (ALL SHOULD BE SMALL)
SUM OF FORCES TN VERTTCAL DIRECTION

SHOULD NOT EXCEED O.1OOn+03
SUM OF FORCES IN HORIZOI\ilTAL DIRECTION

SHOULD NOT EXCEED 0.100E+03
SUM OF MO}!E}flTS ABOUT COORDINATE ORIGIN

SHOULD NOT EXCEED 0.100E+03
SHEAR STRENGTH/SHEAR FORCE CHECK-SUM

SHOULD NOT EXCEED 0.1008+03

urExASz - VER, L.209 - Lt 7/8'1
Dat,e of this run: 'l:3:2000
Stra. 1"3+00, Deer Creek Drainagre
Reclaim Slope CondiEion
Circular Shear Surface Search

-47 .8'7 {=-0. 4798+02)

0.01 ( = 0. ?18E-02 )

- sN00012 - (C) 1985 S. c. WRTGHT
Time of this run: 72:,50:25

(Waste Rock Area)

u.vz

0.01_

TABLE NO. 25
***************** ************************** **
* FINAL RESULTS FOR SHEAR SURFACE (CRITTCAL *
* SURFACE IN CASE OF A SEARCH) *
**************** ************* ****************

SPENCER'S PROCEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of Safety = 2.338 Side Force fnclination = 15.41 Deqrees

VALUES AT RTGHT SIDE OF SLICE

SIice
No.

1

2

3

4

5

,
8

9

10
t1
I2
13
14
l_5

15
L7
18

X-Risht

55.0
90.7
98.0

103. s

L28.3
153.0
1.7? .6
183.0
207.3
231.3
255.0
270.0
293.0
315.4
337.3
355.0
376.6
383.3

Y-Coord. of
Side Side Force

Force Location

8. 390.0
6104. 392.7
92'15- 393.0

11957. 393.3
25687- 395.9
39643. 399-5
5L273. 404.0
5335?, 40s.r.
59893 . 410.6
6r_3 83 . 417 . 0
57825. 424.L
s3155 . 429 .2
42932. 437 .5
30468. 445.8
L't692. 4s6.8

7 983 . 466 .2
967 . 476.8

0. -t3932.5

Sigrma Sigrma
at at

Top BoEEom

-7.5 1_s.3
4s3 .3 845.4
262.6 1300.2
184.1 L573 .4
't3.7 2433 .2
15.1- 3031.7

-r.9.0 34L9.6
-20.2 3479.9
*25.7 3538.5
-19.5 3627 .5
-9.9 3452.5
-4.3 3281_.s
2.3 2890.9

10.3 2375.4
22 .2 L7 44 .4
49. t 1086.2

-68.8 388. r.

28.8 -28.8

0.02 (= 0.2038-0L)

0.01 (= 0.1438-01 )

CHECK SUMS - (ALL SHOULD BE SMALL)
SU}I OF FORCES IN VERTICAL DIRECTION

SHOULD NoT EXCEED 0.L00E+03
SUI{ OF FORCES IN HORIZONTAL DIRECTION

SHOULD NOT EXCEED 0.L00E+03
SUM OF MOMENTS ABOUT COORDINATE ORTGIN -47 .81 (=-0.479E+02 )



SHOULD NOT EXCEED O.1OOE+03
SHEAR STRENGTH/SHEAR FORCE CHECK-SUI,I

SHOULD NOT EXCEED O.1OOE+03

M{D-OF-FTLE ENCOUNTERED WHILE READING COMMAND

WORDS - END OF PROBLEM(S) ASSUMED

0.01- (= 0.?LBE-02)



urExAs2 - vER. 1.209 * l,/ 7/87 - sN00012 - (C) 1985 S. c. WRTGHT
DaLe of this run . 7:5:2000 Time of this run: 7:9: 3
TABLE NO. 1
* * ** * * * ** * * * * * * * * * * * * * * ** {r * * * * * * * rt * * * * * * * *
* COMPUTER PROGRAM DESIGNATTON - UTEXASz *
* oriqinally Coded By Stephen G. Wrighc *
* Version No. 7,209 *
* Last Revision Date Ll I /87 *
* Serial No. 00012 *
* (C) Copyrigrht 1985 St.ephen G. Wriqht *
* All Rights Reserved *
tr *** **** * * * * * * * * ** * * * * * * * * * * * * * * * ** *** ** * *

******************rr*******************************************
**
* RESULTS OF COMPUTATIONS PERFORMED USING THIS COMPUTER *
* PROGRAM SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY *
* HAVE BEEN VERTFTED BY TNDEPENDENT ANALYSES, EXPERIMENTAL *
* DATA OR FIELD EXPERTENCE. THE USER SHOULD UNDERSTAND THE *
* ALGORTTHMS AND ANALYTTCAL PROCEDURES USED IN THE COMPUTER *
* PROGRAI'I AND MUST HAVE READ ALL DoCUMENTATToN FoR THIS *
* PROGRAM BEFORE ATTEMPTING ITS USE. ***
* NEITHER THE UNIVERSITY OF TEXAS NOR STEPHEN G. WRIGHT *
* }iIAKE OR ASSUME LTABTLITY FOR ANY WARRANTIES, EXPRESSED OR *
* TMPLIED, CONCERNING THE ACCURACY, RELIABTLITY, USEFULNESS *
* OR ADAPTABILITY OF THTS COMPUTER PROGRAM. ***
******************************)t * ****+*************************

UTEXASz - VER. 1.209 - Ll 7/8't - sN00012 - {c) 1985 s. G. WRIGHT
Date of Lhis run: 7 : 6:2000 Time of this run ; 7 : 9: 3
Sta. 2+00, Elk Canyon Drainage (CoaI Bin)
Reclaim Slope Condition
CircuLar Shear Surface Search

TABLE NO. 2
*********rk*******+ *******

r NEW PROFILE LINE DATA *

PROFILE LINE l- - MATERIAL TYPE = 1

Concrete and Asphalt Debris

Point X y

Point

t_

2

3

4

5

6

7

220.000
425. 000
460.000
700.000

X

0.000
27.000
82 .000
85.000

100.000
135.000
191.000

390.000
507.000
515.000
5l_5.000

Y

375.000
350.000
335 - 000
330.000
330.000
350.000
375.000

1

4

3

4

PROFILE LfNE 2 - I,fATERIAL TYPE = 2

Gravel w/ Sandy CIay



8 220.000 390.000
9 250.000 390.000

L0 298.000 380.000
11 322.000 34s.000
12 438.000 450.000
1-3 4?2.000 sl_5.000

All new profile lines defined - No old lines retained

UTEXASz - VER. 1.209 - 1,1 7/87 - SN00012 - (C) 1985
Date of this run: 7: 6:2000 Time of this run:
Sta. 2+O0, Elk Canyon Drainage (Coal Bin)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 3
** * * d" * tr * * * * * ** * * * ** *** * * * * * * * *

* NEW MATERIAL PROPERTY DATA *
* * ** * * {r* * * * * ** * * * * * * ** * * **.*** *

DATA FOR MATERIAL TYPE
Gravel w/ Sandy Clay

Unit weight of materiaL = 121.500

CONVEI\ilIIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - 100.000
Friction angle - 31.000 degrees

No (or zero) pore water pressures

DATA FOR MATERIAL TYPE ].

Concrete and Asphalt Debris

Unit. weigrht of material = L30.000

CONVENT]ONAL (TSOTROPIC) SHEAR STRENGTHS
Cohesion - - 0.000
Frictionangle-- - 38.000degrees

No {or zero) pore waler pressures

All new mat,erial properties defined - No o1d data retained

urEXAS2 - VER.1.209 - Ll 7/87 - SN00012 - (C) 1985
Date of Ehis run: '7:6:2000 Time of this run:
Sta. 2+00, Elk Canyon Drainage (Coal Bin)
Reclaim Slope Condition
Circular Shear Surface Search

TABTE NO. 6
***************************
* NEW SLOPE GEOMETRY DATA *
***************************

S. G.
J: 9: 3

WRTGH"

WRIGHT
3

S. G.
7t 9:

All new data input - No

Slope Coordinates -

Point x

1 27.000
2 52.000

old data reEained

I

350.000
340.000



J

4

5

6
't

R

9

10
Lt-

82.000
85.000

L00.000
135.000
191.000
220.000
425.000
460.000
4?2. 000

335.000
330.000
330.000
350.000
375.000
390.000
50? .000
515.000
515.000

urExASz - VER. 1.209 - 7/ 7/87 - SN00012 - (C) 1985 S. c. WRTGHT

Date of this runz Jz 6:2000 Time of this run: 'l:9: 3

Sta. 2+00, EIk Canyon Drainage (CoaI Bin)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 9
*f*******************************

" NEW ANALYSIS/COMPUTATION DATA *
*********************************

Circular Shear Surface(s)

Automatic Search Performed

Starting Center Coordinate for Search at -
200.000
600.000

100.000

r-00.000

X
Y

Required ascuracy for crit.ical center (= minimurn
spacingr between grid l)oints) = 2.000

Critical shear surfaee noL allowed to pass below Y = 300.000

For the iniEial mode of search
all circles are tangent to horizontal line at -

Y - 320.000

Depth of erack = 3.000

Short form of ouLput will be used for search

THE FOLLOWING REPRESENT EITHER DEFAULT OR PREVIOUSLY DEFINED VALUES:

fnitial trial est,imate for the factor of safety = 3.000

Initial trial estimate for side force inclination = l-5.000 degrees
(Applicable to Spencer's procedure onlyl

Maximum nurnber of iterations allowed for
calculating the factor of safety - 40

Allowed force imbalance for convergence =

Allowed momenE, irnbalance for convergaflc€ =

Initial trial values for factor of safety (and side foree inclinarion
for Spencer's procedure) will be kept consEant during search

Maximum subtended angle Lo be used for subdivision of the
circle into slices = 3.00 deqrees

Search will be continued Eo locate a more critical shear



surface (if one exists) after

Depth of water in crack =

unit weiqht of water in crack

Seismic coefficienL = 0.000

Procedure used to compute the

the iniLial mod.e is complete

0.000

-_ 62 .400

factor of safety: SPEI{CER

urExAS2 - VER. 1.209 - 7/ 1/87 - SN00012 - (C) 1985 S. c. WRTGHT

Date of this run: 7: 6:2000 Time of this run: 7: 9: 3

Sta. 2+00, E1k Canyon Drainage (Coal Bin)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 14
* ** * * * tr* * * * * * * * * * * * t * * * * * * * *** * ** * * * ** * * * * * * * * * * * ** *tr * ** * * **

* SHORT-FORM TABLE FOR SEARCH WTTH CIRCULAR SHEAR SURFACES *
************************************************************

Center Coordinates of
Critical Circle

I'Iode X Y

2 Tangent Line 190.000 620.000
dt Y = 320.0

3 Constant Radius 85.000 630. 000
of R = 300.0

2 Tangent Line 50.000 774.000
6t Y = 330.0

3 Constant Radius 48.000 772.00O
of R = 444.0

2 Tangent Line 45 - 000 776.000
at Y = 328.0

TABLE NO. 15
***** FINAL CRITICAL CIRCLE INFORIYIATTON *****
X Coordinate of CenLer - - - 46.000
Y CoordinaEe of Center - - - '77 6.000
Radius 448.000
Fact,or of Safety - - l-.354
SideForcelnclinaLion-- - 26.88

Factor Side
of Force

Radius Safety Inclin.

300.000 1.544 23.35

300.000 1.38? 25.84

444.000 t-.365 26.9L

444.000 1.364

448.000 1-354

26 .85

26 .88

Number of circles tried
No. of circfes F calc. for - -

255
195

UTEXASz - VER. 1.209 - 1.1 7/87 - SN00012 - (C) 1985 S- G- WRTGHT

Date of this run: 'l:6:2000 Time of this run: '7:9:3
Sta. 2+00. EIk Canyon Drainage (Coal Bin)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 20
**************************** ************************************r*
* INFORMATION FOR INDIVIDUAL SLICES (TNFORMATION IS FOR CRITICAL *
* SHEAR SURFACE IN THE CASE OF AI{ AUTOMATIC SEARCH) *
**************************** **************************************



Slice
No.

1

z

3

=

5

6

7

I

9

1n

11

L2

l_3

14

1,5

t6

I7

L8

XY

102.8 331_.6
114.4 333,4
126-0 335.2
r.30.5 336. i_

13s.0 336.9
L46.4 339.6
15?.9 342.2
169.1_ 345.4
180.4 348.5
185.7 3 50.4
191-0 352.1
202.0 356.2
213.0 360.3
2l-5.5 36L.'7
220.0 363.2
230 .7 3 68. 0
241 .4 372.8
250 ,7 377 .6
250.0 382.4
264.6 385.0
259 .2 387 . 6
279.2 393.1
289 .2 3 99.8
293 .6 402 .7
298.0 405.6
30?.5 4L2.4
317.0 4l_9.3
31.9. s 42L.2
322.O 423 .t
331.0 430.6
340.1 438.0
348.'7 445 -0
357.4 453.9
365.5 462.3
373.8 470.6
377 .7 4't 4 .9
381-.5 479.2

Slice MatI.
Weight Tlpe Cohes j-on

Friction Pore
Angle Pressure

13605.0

12410.0

43154.9

54315.8

28647.0

6541,0.7

22548 .9

74034.6

'r0423.4

36230.9

78417.9

33376.8

58087. r.

r.6s04.1

53515.2

39324 -'I

23\25.r

5149.3

Y for
Seismic
Force

335.8
34I.7
347 .3
355.3
361.5
358.4

100.00

100.00

100.00

100.00

100.00

1_00 .00

100.00

100.00

100-00

100.00

0.00

0. 00

0.00

0-00

0.00

0.00

0.00

0.00

FORCES DUE fO

Normal Shear
Force Force

0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.

2

2

4
L

2

4

4

z

2

z

z

1

l_

L

1I

1

L

1

I

31.00

31.00

31.00

3i-.00

31.00

31.00

31.00

3r.-00

31_.00

31 .00

38.00

38.00

38.00

38.00

38.00

38-00

38.00

38.00

U.U

0-0

0.0

nn

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

UTEXAS2 - VER. 1.209 - 1,/'t/87 - SN00012 - (c) t-985 s. G. WRTGHT
Dat,e of this run: 7 t 6:2000 Time of this run: T: 9: 3
Sta, 2+00. Elk Canyon Drainage (Coa1 Bin)
Reclaim Slope Condirion
Circular Shear Surface Search

TABLE NO. 2L
+**************************************************************lt**

* INFORMATION FOR TNDIVIDUAL SLICES (INFORMATION IS FOR CRITICAL *
* SHEAR SURFACE IN THE CASE OF AIiI AUTOMATIC SEARCH} *
******************************************************************

SURFACE PRESSURES

Slice Seismic
No. X Force

1 114.4 0.
2 130.5 0.
3 145.4 0.
4 159.1 0.
5 185.7 0.
6 242.0 0.

x

0.0
0.0
0.0
0.0
0.0
0.0

Y

0.0
0.0
0.0
0.0
0.0
0.0



7

I
J

1n

tt-
72
13
14
l-5
Ib
1.7

18

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

215.5
230.7
250.7
264 .6
279.2
293 .6
307 ,5
?10 tr

331- . 0

348.7
355.6
3'1'I .7

375.0
382.2
392.8
400.3
408.7
41'7 .4
425 -2
434.0
442.0
454.7
46'7 .7
477 .5

- sNo0012 - (c) 1985
Time of this run:

(Coa1 Bin)

0.0
0-0
0.0
0.0
0.0
0-0
nnv-u

0.0
nrlU-U

0.0
nnU-U

0.0

S. G. WRIGHT
J: 9: 3

UTEXAS2 - VER. 1.209 - Tl 7/87
Date of Ehis run:. J:6:2000
Sta. 2+00, E1k Canyon Drainage
Reclaim Slope Condicion
Circular Shear Surface Search

TABLE NO. 23

* INFORMATION GENERATED DURING ITERATIVE
* OF SAFETY AND SIDE FORCE INCLTNATION BY

SOLUTTON FOR THE FACTOR

SPENCER'S PROCEDURE

Trial Trial
Factor Side Force

Iter- of Inclination
ation Safety (degrees)

Force Moment
Imbalance Imbalanee

(lbs.) (fE.-lbs.)

Delta
DeIta-F Theta

(degrees )

1 3.00000 l-5.0000 0 .1853E+06 -0 .5891E+08
First-order corrections to F and THETA -0.344E+01- 0.11-8E+01
values factored by 0.145E+00 - Delt.as too large -0.500E+00 0.1?28+00

2 2.50000 L5.L121, 0.1542E+06 -0.4883E+08
First-order corrections to F and THETA -0.202E+01 0.143E+01
Values factored by 0.24'78+O0 - Deltas too large -0.500E+00 0.3538+00

3 2.00000 15 - 5250 0 .1073E+06 -0 .3419E+08
Firsts-order corrections to F and THETA -0.930E+00 0-196E+01
Values factored by 0.5388+00 - Deltas too large -0.500E+00 0.1058+01

4 1.50000 L6.5772 0.3212E+05 -0.10998+08
First-order corrections to F and THETA -0.161E+00 0.4398+0L
Second-order correction - IEeration L .-. -0.145E+00 0.439E+01
Second-order correction - fteration 2 ... -0.L46E+00 0.439E+01

5 1.35406 20.9569 *A.52'10E+03
First-order corrections to F and THETA

-0.7138E+06

Second-order correction - Iteration 1

Second*order correction - IEeration 2

6 1 .36427 27 .3L94 -0.1322E+02
Firstr-order corrections to F and THETA
Second-order correction - Iteration 1

7 1.36374 25.8814 -0.1038E-01
FirsL-order corrections to F and THETA
Second-order correction - Iterat.ion 1

0 .7 0l-7E+05
-0 . 540E-03 -0 . 43 8E+00
-0.5378-03-0.438E+00

0.2386E+03
-0 . 204E-0s -0 . r. s 5E-02
-0 . 2048-05-0 . 1558-02

0.988E-02 0.635E+01
0.102E-01 0.535E+01-
0.1028-01 0.635E+01

8 1 .36373 26.8799 -0.8545E-03 -0.6211E+00
First-order eorrections ro F and THETA 0.1068-0? 0.537E-05

FACTOR OF SAFETY - r..364



UTEXASz - VER. 1.209 - Ll 7/87 - sN00012 - (C) l_985 S. c. WRTGHT
DaLe of this run: 7l 6:2000 Time of this run: 7:9: 3
Sta. 2+00, E1k Canyon Drainage (Coal Bin)
Reclaiin Slope Condition
Circular Shear Surface Search

TABLE NO. 24
*********************************************
* FINAL RESULTS FOR SHEAR SURFACE (CRITICAI *
* SURFACE IN CASE OF A SEARCH) *
*********************************************

SPENCER'S PROCEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of safety = 1.364 side Force rnclination = 26.9g Degrees

VALUES AT CENTER OF BASE OF SLICE

SIDE FORCE TNCLINATION
NUI{BER OF ITERATIONS

Slice
No. X-center

26.88
a

Total Effective
Norma1 Normal Shear
Stress St.ress Stress

563.8 653.8 35s.8
1464 .6 1464. 6 71_8.5
L918.9 t_918. 9 918,8
23L4.1 2314 _7 1093.2
2498. 6 2498.6 tr74.2
2644.6 2544.5 1 238.5
27 6L .6 27 6t .6 1290 . r.
2877 .4 2871 .4 13 4L . l_
299r..0 2991.0 l-391.2
3004.1 3004.1 1396.9
2862 .2 2862 .2 153 9 . I
2673.9 2573.9 1s31.9
2405.9 2405.9 1378.3
2L57.9 2L57.9 1236.3
l_8sr-.6 1851.5 L060.8
1338.3 1338.3 766.7
777.8 777.8 445.6
347 .2 341 .2 t-98 - 9

1
L

2

l
4

5

6

7

I
9

10
11
L2
13
L4
15
l_6

L7
18

114.4
r_30.5
146.4
169. 1

185.7
2.02 . A
2l-5.5
230.7
250.7
264 .6
279.2
293.5
307.5
319.5
331.0
348.7
35s.6
37't .7

Y-center

333 .4
336.1-
339.6
345 .4
350.4
356.2
361.7
3 58.0
377.6
385.0
393.7
402.7
4L2.4
42L.2
430.6
445.0
462.3
474.9

CHECK SUMS - (ALL SHOULD BE SMALL)
S1IM OF FORCES IN VERTICAL DIRECTION =

SHOULD NOT EXCEED 0.100E+03
SUI'I OF FORCES IN HORIZONEAL DIRECTfON =

SHOULD NOT EXCEED O.1OOE+03
SUM OF MOI4ENTS ABOUT COORDINATE ORIGIN =

SHOULD NoT EXCEED 0.1008+03
SHEAR STRENGTH/SHEAR FORCE CHECK-SUM =

SHOULD NoT EXCEED 0. L00E+03

0.02 (= 0.249E-01)

0.02 (= 0.150E-01)

-4.49 (=-0.449E+01-)

0.01 (= 0.150E-01)

urExAs2 - vER. L.209 - Ll 7/87 - sN000t2 - (c) 1985 s. c. wRIcHT
Date of this run: 7:6:2000 Time of t,his run: 7:9: 3
Sla. 2+00, EIk Canyon Drainage (Coal Bin)
Reclaim Slope Condition
Circular Shear Surface Search

TABTE NO. 25
*********************************************
* FINAL RESULTS FOR SHEAR SURFACE TCRITICAL *



* SURFACE IN CASE OF A SEARCH) *
* * * * * * * * * * ** * * * * * * * * t? * * * * * ** * * tr rc* * * * * * ** * * ** *

SPENCER'S PROCEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of Safety = 1.364 Side Force Inclination = 25.88 Degrees

VALUES AT RIGHT SIDE OF SLICE

Slice
No.

1

z
3

4

5

6

7

8

9

10
ll
I}

LZ

1AI:

15
16
17
18

X-Right

1,26 . O

135,0
157.9
180.4
1-91.0
2l_3.0
220 -O
241. .4
250.0
259.2
289.2
298.0
317.0
322 .0
340.1
357.4
373.8
381.6

5839.
11245 -

23475.
34378.
38583.
44889.
46096.
47 427 .

43979.
4L05'7 .

386?0.
3629't .

28''17 6 .

26400.
16925.
7994.
1608.

0.

339.3
34r.7
349.1
35?.6
36L.9
37r.4
374.7
385.3
39s.5
401 .2
472.J.
4L?.3
429 .5
432 .9
445.9
459 .4
473.O
811.0

Y-Coord. of
Side Side Force

Force Location

Fraction Sigma Sigrma
of at aL

Height Top Bottom

0.423 338.1 924.6
0.385 2sr-.9 13?t_.5
0.386 358.7 t 955.8
0.413 680.7 2154.1
0-419 't62.0 2L95.2
0 .42'7 85? , I 2202 .4
0.425 832.8 2199.9
0.424 775.0 2081 .8
0.433 77L.2 l-808.5
0 .446 809. 9 1s89. 9

0.4I4 563.3 1756.8
0.40s 480.1 1758. 5

0.391 338.6 1628.8
0.388 308-8 1557.5
0.382 2L4.7 1258.4
0.380 138.6 844.5
0.325 -t_0.1 411.4
ABOVE -0.2 0.2

0.02 (= 0.249E-01)

0.02 (= 0.150E-0L)

-4.49 (=-0.449E+0L)

0.01- (- 0-150E-01 )

CHECK SUMS - {ALL SHOULD BE SMALL)
SUM OF FORCES IN VERTICAL DIRECTION

SHOULD NOf EXCEED O.1OOE+03
SUM OF FORCES IN HORIZONTAL DIRECTION

SHOULD NOT EXCEED O.1OOE+03
SUM OF MOMENTS ABOUT COORDINATE ORTGIN

SHOULD NOT EXCEED 0.1-008+03
SHEAR STRENGTH/SHEAR FORCE CHECK-SUM

SHOULD NOT EXCEED O. 1OOE+03

END-OF-FTLE ENCOUNTERED WHILE READING COMMAND

WORDS - END OF PROBLEM(S} ASSUMED



urEXASz - VER. 1.209 - 1/ 7/87 - SN00012 - (C) 1985 S. c- WRTGHT
Date of this run: 'l: 4:2000 Time of Ehis run: 10r3E:21
TABLE NO. 1
******************!t***********************

* COMPUTER PROGRAM DESIGNATTON - UTEXASz *
* Originally Coded By Stephen G. Wright rr

" Version No. I.209 *
* LasL Revision Date 7/ '7 /8'I *
* Serial No. 00012 *
* (C) Copyright 1985 Stephen G. Wright *
* AlL Rights Reserved *
*************************tr****************

*****************tr*******************t**********************r*

t*

" RESULTS OF CO}IPUTATIONS PERFORMED USING THIS COMPUTER "! PROGRAM SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY *
* HAVE BEEN VERIFTED BY INDEPENDENT AIqALYSES, EXPERIMENTAL *
* DATA OR FIELD EXPERIENCE. THE USER SHOULD UNDERSTAND THE *
* ALGORITHMS AND ANALYTICAL PROCEDURES USED TN THE COUPUTER *
* PROGRAM AI'ID MUST HAVE READ ALt DOCUMENTATTON FOR THIS IT

* PROGRAM BEFORE ATTEMPTING ITS USE. ***
* NEITHER THE I'NIVERSITY OF TEXAS NOR STEPHEN G. WRTGHT *
* MAKE OR ASSI'ME LIABILITY FOR ANY WARRANTIES, EXPRESSED OR *
* IIiIPLIED, CONCERNTNG THE ACCURACY, RELIABTTITY, USEFULNESS *
i OR ADAPTABILITY OF THTS CO}IPUTER PROGRAM. ***
************************************************ t***********r*

U"PEXAS2 - VER. 1.209 - L/ 7t87 - SN00012 - (C) 1985 S. c. wRrcHT
Date of Ehis runt 7: 4:2000 Time of this run: 10:38:2L
Sta. 5+00, EIk Canyon Drainage (Waste Roek Storage Area 2)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 2
*************************
* NEW PROFILE LINE DATA *
*************************

PROFILE IINE ]. - MATERIAL
GraveL w/ Sandy Clay

TYPE =

YPoint

t_

2

3

4

5

5

X

40.000
88.000

105.000
l_22 .000
r-62 .000
211,000
230.000

355.000
350.000
355.000
355.000
375.000
400.000
425.000

All new profile lines defined * No old lines retained

UTEXASz - VER. 1.209 - Il 7/87
Date of t,his run; 7: 4:2000
Sta. 5+00, Elk Canyon Drainage
Reclaim Slope condit.ion
Circular Shear Surface Search

- sN000l-2 - (c) 1985 S. c. WRTGHT
Time of this run: L0:36:21

(Waste Rock Storage Area 2)



TABLE NO. 3
* *** * * ** *** ** * * * * * Jr* * ** ** ** ** *

* NEW MATERIAL PROPERTY DATA *
* *** * * ** * ** *** * * * * * * * * d. it * * * ** *

DATA FOR MATERTAL TYPE ]-

Gravel w,/ Sandy Clay

Unit weight of material = 1-21.500

COIfi/ENTIONAI (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - 100.000
Friction angle 3l-.000 degrees

No (or zero) pore water pressures

All new material properties defined - No oId data retained

UTEXASz * VER. 1.209 - Ll 7/87 - sN0001_2 - (c) 1985 S. c. WRIGHT
Date of this run: 7: 4:2000 Tine of this run: 10:35:27
Sta. 5+00, EIk Canyon Drainage (Waste Rock Storagre Area 2)
Reclaim Slope Condit.ion
CircuLar Shear Surface Search

TABLE NO. 5
***************************
* NEW SLOPE GEOMETF.Y DATA *
*************)k****** *******

All new data input

Slope Coordinates

Point X

* No old data retained

1

,t

3

Y

365.000
360.000
355.000
3 s5.000
375.000
400 .000

40.000
88.000

105.000
122.000
162.000
211 - 000

UTEXAS2 - VER. 1..209 - Ll 7/87 - SN00012 - (C) 1985 S. c. WRTGHT
Date of this run:. 'l:4:2000 Time of this run: 10:36 ZL
Sta. 5+00, Elk Canyon Drainage {Waste Rock Storage Area 2)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 9
*********************************
* NEW AI{AIYSTS/COMPUTATION DATA *
*********************************

Circular Shear Surface(s)

Automatic Search Performed

St.arting Center Coordinate for Search at -
X = 125.000
I = 425.000

Required accuracy for crit.ical center (= minimum
spacing between grid points) = 0.500



Critical shear surface not allowed to pass below y =

For the initial mode of search
all circles are tangent to horizonEal line at -

f=

Depth of erack = 3.000

Short form of output will be used for search

330,000

350.000

THE FOLLOWING REPRESENT EITHER DEFAULT OR PREVIOUSLY DEFINED VALUES:

rnitial trial estimat,e for the factor of safetv = 3.000

Initial trial estimate for side force inclination = 15.000 degrees
(Applicable to Spencer.s procedure only)

Maximum number of iterations allowed for
calculating the factor of safety = 40

Allowed force imbalance for convergence =

Allowed moment imbalance for convergence =

rnitial Lrial values for factor of safety (and side force inclination
for spencer's procedure) will be kept constant duringr search

Maximum subtended angle to be used for subdivision of the
circle into slices = 3.00 degrees

search will be continued to rocate a more criEical shear
surface (if one exisEs) aft,er the initiar mode is complete

Depth of water in crack =

Unit weight of wat.er in crack

Seismic coefficient = 0.000

Procedure used to compute the

100.000

100.000

0 .000

= 62.400

factor of safety: SpENCER

urExAs2 - vER. l-.209 * 1./ 7/87 - SN000t2 _ (c) 1985 S. c. wRrcHT
Date of this run: 7: 4:2000 Time of this run: 10:36:21
sta- 5+00, Elk canyon Drainage {waste Rock sEorage Area 2)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. L4
************************************************************
* SHORT-FORM TABLE FOR SEARCH WITH CIRCULAR SHEAR SURFACES *************************************************************

Mode

2 Tangent Line
at Y = 350.0

3 Constant Radius
of R = 82.0

2 Tangent Line

Center Coordinat.es of
Critical Circle

XY

r.35.500 432.000

140.500 442.000 82.000 I.629 23 .52

Factor Side
of Force

Radius Safery Inclin.

82.000 1.750 21.11_

1.35. s00 4sL.000 91.000 1.511_ 23.8L



at Y = 360.0

3 Constant Radius 133 .000 448.000 9l-.000 1.607 23 .7O
of R = 91.0

2 Tangent Line 129.000 455.000 98.000 1-.595 23.90
aL Y = 357.0

3 Constant Radius 128.500 453.000 98.000 1.591- 23.80
of R = 98.0

2 Tangent Line 124.500 460.500 105.500 1.580 23 .99
at Y = 355.0

3 Constant Radius 124.500 460.500 105.500 1.580 23 .99
of R = 105.5

TABLE NO. 15
***** FINAL CRITICAL CIRCLE INFORI4ATION *****
X Coordinate of Center - - 124.500
Y Coordinate of Center - - 460.500
Radius - - 105.500
Factor of Safety - - - l-. 580
Side Force Inclination - 23.99

Number of circles tried - 391
No. of circles F calc. for - - - 215

***** CAUTION *****

***** RESULTS MAY BE

FACTOR OF SAFETY COULD NOT BE COMPUTED FOR SOME

OF GRID POINTS AROUND THE MINTMUM

ERRONEOUS *****

urExASz - VER. 1.209 - L/ 7/8'1
Date of this runl. 7: 4:2000
Sta. 5+00, Elk Canyon DraJ-nage
Reclaim Slope Condit.ion
Circular Shear Surface Search

- sN00012 - (c) 1985 S. G- WRTGHT

Time of Lhis run:10:35:21
(Waste Rock Storage Area 2)

Slice Mat1. Friction Pore
Weight Tylre Cohesion Angle Pressure

TABLE NO. ZO
*********************************************+********************
* INFORMATION FOR INDIVIDUAL SLICES (INFORMATTON IS FOR CRITICAL "
* SHEAR SURFACE IN THE CASE OF AN AUTOMATIC SEARCH) *
************************+*L*!t*****************************Jr*******

SIice
No. X

L22.L
r. 1_23 .3

L24.5
2 L27 .3

130.0
3 132.8

135.5
4 138.3

14L.0
s 143 .7

1_46.4
5 149. r_

t 5L.I
7 154. s

157.1
I 1s9.5

L 100.00

L 100 .00

1 L00.00

r. 100 .00

1 100.00

1 100.00

1 100.00

1 100.00

Y

355.0
355.0
355.0
355.1
355.1-
355.4
355.5
355.9
356.3
356.8
35?.3
358.0
358.6
359.4
350.2
351..0

l_85. 5

L71.6.1.

3362.5

4786.8

597 6 .5

6923 .4

7 623 .3

"r587 .9

31.00

31 .00

31 .00

31.00

31.00

31-00

31.00

31.00

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0



10

11

72

13

14

15

15

1.',r

18

t_9

L62.O
154.5
L67.L
169.5
L72.L
L74 -5
r77 .O
179.3
18l-.7
184. 0

L86.2
188.4
190.5
192.7
194.8
195.9
L98.9
200.8
202.1
204.5
206.3
206.8
207 .3

351.9
352.9
354.0
365.2
366.3
367 -7
369.0
370 .4
371-8
373.4
375.0
376.6
378.3
380. r.

381-9
383. B

385.7
38? .7
389.7
391.8
393.9
394.5
39s.1

8297.0

83L7.8

Bl_13 .9

7700.9

7098.5

6329.1

5420 .4

4399.5

3298.7

2151 . 0

4L2.5

1-00.00

t_00.00

r_00,00

r_00.00

100.00

100.00

t_00.00

100.00

100 .00

100.00

100.00

31.00

31.00

31.00

31.00

31.00

31_.00

31.00

31.00

31.00

31.00

3t_.00

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

urExAS2 - \rER. 1.209 - Il 7/87
Dat,e of this run: 7:4:2000
St,a. 5+00, Elk Canyon Drainage
Reclaim Slope Condition
Circular Shear Surface Search

TABTE NO. 21.

- sN00012 - {c) 1985 S. G- WRTGHT

Time of this run: 10:36:2t
{Waste Rock Storage Area 2)

* INFORMATION FOR INDIVIDUAL SLICES (INFOR}IATION IS FOR CRITTCAL *
* SHEAR SURFACE IN THE CASE OF AI{ AUTOMATIC SEARCH) *
******************************************************************

Y for
Seismic Seismic
Force Force

FORCES DUE TO SURFACE PRESSURES

Normal Shear
Force Force X Y

Slice
No.

l-

2

3

4

5

6

7

I
9

l_0

1t_

I2
13
14
L5
L5
l-7
18
19

UTEXAS2
DaEe of

x

123.3
t27 .3
132.8
138.3
]-43.'r
149.l-
154.5
159. 5

164.6
!69 .6
174. s
1?9.3
r.84 . 0
188 .4
1.92.7
l_95.9
200.8
204. s
206.8

3 55.3
3 55.4
357 .9
359.5
351.3
363.3
365.3
367 .4
369.5
372.O
374.5
377 .r
379. I
382.5
38s.4
388.3
39L.2
394.2
395.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

- vER. 1.209 - Ll 't/87
this runt '1 : 4:2000

- sN00012 - (c) 1985 S. c. WRTGHT

Time of this run: 10 :3 6 :21.



sta. 5+00, E1k canyon Drainage (waste Rock storage Area z)
Reclairn Slope Condit.ion
Circular Shear Surface Search

TABLE NO. 23
** * ** * * * * * * t * * * * * * * * * * * ** ** * * * * * * * * ** * * * * ** * * * **** * * * * * * * * * * ** * * * *
* TNFOR}4ATION GENERATED DURING ITERATIVE SOLUTION FOR THE FACTOR *
* OF SAFETY AND SIDE FORCE INCLTNATION BY SPE}TCER'S PROCEDURE *
************Jr*********************************************rr****rt**

Trial Trial
Factor Side Force Force Moment

fter- of Inclination Imbalance Imbalance DeIta-F
ation Safety (degrees ) (lbs. ) ( ft. -1bs. )

1 3 .00000 15.0000 0.2064E+05 -0. 6502E+07
First-order corrections to F and THETA -0.2?38+01-
Values factored by 0.1838+00 - Delt.as too 1arge -0.500E+00

DelEa
Theta

( degrees )

0 - 7488+00
0. L37E+00

4 1..50000 16.'1277 -0.1471E+04 0.381-2E+05
First-order corrections to F and THETA 0.1_g2E+00 0.3?4E+02
values factored by 0.230E+00 - Deltas too large 0.419E-01- 0.g59E+0L

2 2.50000 15.1-372 0.161-3E+05
First-order corrections to F and THETA
Values factored by 0.3348+00 - DelEas

3 2.00000 15.4500 0 - 94?18+04
First-order correct.ions to F and THETA
Values f act,ored by 0.877E+00 - Deltas

5 1.54182 25.322L -0.l-2058+04
First-order corrections to F and THETA
Second-order eorrection - Iteration 1
Second-order correction - fterat.ion 2

6 1 - 55965 21, -2958 0.8431 8+01
First-order correct.ions t.o F and THETA
Second-order correction - IteraEion
Second-order correction - Iteration

FACTOR OF SAFETY -
STDE FORCE INCLTNATTON
NUMBER OF ITERATIONS

-0.5087E+07
-0.1508+01_ 0.937E+00

too large -0.500E+00 0.31-3E+00

-0.30038+07
-0.5?08+00 0.1458+01

too large -0.5008+00 0. L28E+0L

0.3261-E+06
0.251E-01--0 - 403E+01
0.278E-01-0.403E+01
0.278E-01-0.403E+0L

0.975E-02 0.2738+01
0.999E-02 0.273E+01
0.9998-02 0.2738+01

-0.27068+05

7 L.57954 24.0288 -0.4184E+00 0.449?E+03
First-order corrections ro F and THETA -0.1258-03-0.362E-01
second-order correction - rterat,ion 1 ... -0.1_258-03-0.362E-01

B 1 .57951 23 .9925 0 .35868-03 -0.3410E+00
First-order corrections to F and THETA 0.gg4E-07 0.2638-04

1.580
23.99
I

UTEXAS2 - VER. 1.209 - 1/ 7/87 - SN000t2 - (c) 1985 S. G. WRTGHT
Date of this run; 7: 4:2000 Time of this run: 10:36:2L
sta- 5+00' Elk canyon Drainage (waste Rock storage Area z)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 24
*t*******************************************

* FINAL RESULTS FOR SHEAR SURFACE (CRITICAL *
* SURFACE IN CASE OF A SEARCH} *
*********************************************



SPSNCER'S PROCEDURE USED TO CO},IPUTE FACTOR OF SAFETY
Factor of safety = L.580 side Force rncrination = 23.99 Degrees

--- VALUES AT CHVTER OF BASE OF SLICE

Slice
No. X-center

Total Effective
Normal Normal Shear
Stress Stress Stress

CHECK SU}IS - TALL SHOULD BE SMALL}
SUM OF FORCES IN VERTICAL DIRECTION

SHOULD NoT EXCEED 0.i_00E+03
STJ}I OF FORCES IN HORTZONIIAL DIRECTION

SHOULD NOT EXCEED 0. l-00E+03
SIIM OF },IOMENTS ABOUT COORDINATE ORIGIN

SHOULD NOT EXCEED O.1.OOE+03
SHEAR STRENGTH/SHEAR FORCE CHECK-SUM

SHOULD NOT EXCEED O.1OOE+03

1

2

3

4

5

5

I
9

10
1L
L2
13
1.4

L5
16
L'1

18
19

Slice
No.

1

2

3

L.4J - 5
L27.3
r-32.8
138.3
143.7
r-49.1
154. s
159.5
164.6
r_69.6
L74.5
l-79.3
184.0
188.4
792.'I
L95. 9

200. 8

244.5
206.8

Y-cenEer

355,0
355.1
35s.4
355.9
3s5.8
358.0
359.4
3 51.0
362.9
365.2
36'7 .7
370.4
373.4
376.6
380.1
383.8
387.7
391.8
394.5

Y-Coord. of
Side Side Force

Force Location

1,27 .7 L27 .'l
39s.8 395.8
707 .7 707 .'7
951.7 951.7

r.135.5 1L35.5
125s.5 1255. s
L347.s 1347.5
l-385.3 1386.3
1390.2 L390 -2
13 52 . 7 1362 .7
r.303.6 1303 - 5

I2L6.5 1215.5
1r_05.3 110s.3

9'73 .2 973 .2
823.9 823 .9
660.8 560.8
487 .'7 487 .7
308.2 308.2
L93 .0 193 .0

355.5
356.5
357.8

Fraction
of

Height

0.445
0.387
0.35?

r.11.9
213.9
332.5
425.3
495.2
544.7
575.9
590.7
592.2
58L.7
559.2
526.1
483. B

433.5
Jto-t

314.7
248.8
180.5
135.7

0.00 (= 0.242I.-021

0.00 (= 0.2938-02)

0.53 (= 0.632E+00)

0.00 (= 0.1428-02)

Sigrma Sigrma
at at

Top Bottom

150.2 292.9
r.16.2 608.3
66.9 878.8

UTEXASz - VER. 1.209 * 1/ 7/87 - SN000l-2 - (c) 1985 s. c. wRrcHT
Date of t.his run: 7: 4:2000 Time of this run: 10:3G:21
sta. 5+00, Erk canyon Drainage (waste Rock storage Area 2)
Reclaim Slope Condition
Circular Shear Surface Search

TABLE NO. 25
*********************************************
* FINAT RESULTS FOR SHEAR SURFACE (CRITTCAL *
* SURFACE IN CASE OF A SEARCH} *
********************************************Jr

SPN\TCER.S PROCEDURE USED To COMPUTE FAcToR oF SAFETY
Factor of safety = 1.580 side Force rnclination = 23.gg Degrees

VALUES AT RIGHT SIDE OF SLTCE

X-Right

L24.5
130.0
1?q q

303.
r-533.
3202.



5

6

I
9

10
t- t-

12
13
14
1(

1"5

T1

18
19

1_41-.0

L45 .4
i_51_.8
1-57 - r"

162.0
L6'7 .\
L72.L
r77 .0
181-7
t-86.2
190. 6

1_94.8
l-98.9
zvz. I

/UO. J

207 .3

5000.
6693.
al no

9134.
9682.
9B0r- -

9457 .

8694 -

7588.
6236.
4',153.
Jlbb.

r-909.
816.
l-l-4.

0.

359.1-
360.6
362.4
364 -2
366.2
3 68.4
370. B
??? ?

376.0
378.8
381.7
384. B

388.0
39L -2
394.3

-622.9

0.344
0-337
U. JJJ
0.330
0.327
0.324
0.321_
0,318
0 - 3l_5
n ?1n

0.305
0.296
0.282
0.251
0.107
BELOW

35.4 t_078.3
13,4 7220.4
-2.7 l-31_3. L

-14.8 1.362.2
-24.9 L372.9
-35.7 1350.7
-45 _3 :j-297 .I
-52.9 12L5.4
-58.8 1109.0
-53 - t 980.9
-66.1 834.1
-67.4 67L.4
-66.4 494.9
-60.3 304.9
-37 .9 93.8
-o -2 0.2

0.00 (= 0.2428-021

0.00 (= 0.293E.-02',

0.53 (= 0.632E+00)

0-00 (= 0.L42F-021

CHECK SUMS - (ALL SHOULD BE SMALL)

SUM OF FORCES IN VERTICAL DIRECTION
SHOULD NOT EXCEED O. ]-OOE+03

SUM OF FORCES IN HORIZONTAL DIRECTION
SHOULD NOT EXCEED 0. l-008+03

SUM OF MOMENTS ABOUT COORDTNATE ORIGIN
SHOULD NOT EXCEED O.1OOE+03

SHEAR STRENGTH/SHEAR FORCE CHECK*SUM

SHOULD NOT EXCEED 0.1008+03

END-OF-FILE ENCOUNTERED WHILE READING COMMAND

WORDS - END OF PROBLEI4(S} ASSUMED



fieer Eree* frline

7 60. Reclamation Plan (R645-301-700)

R645-30 1 -76 1 : 9eneral Requirements

Within the disturbed area of the Deer Creek Mine are three drainages: Deer Creek Canyon, Deer
Canyon and Elk Canyon. The Deer Creek Canyon is by far the largest drainage with Elk Canyon
next. The channels in these drainage systems will be restored in their original location as close as
possible. All three drainage systems converge within the planned reclamation area ofthe Deer Creek
Mine (see Drawing DS-1780-D).

Mining has created a large fill structure that is used for parking, material storage and necessary
facilities to mine coal. Reclamation consists of leaving this fill in place and constructing a flood
channel over the top of it while following the natural drainage ofthe canyons. The main channel will
be located on the south side of the existing mine access road. The road parallels the toe of the slope
of the old Deer Creek refuse site.

Design, location, construction and materials are carefully chosen to ensure stable channelization. As
illustrated in Drawing DS-l78l-D in Appendix R645-301-500-A, final reclamation activities will
follow a reclamation sequence. The Deer Creek Canyon, Deer Canyon and Elk Canyon channels will
be reconstructed utilizing a riprapped trapezoidal channel design of sufficient size to accommodate
a 100 year,6 hour storm event. Transitional drainage areas (i.e. drainage entering and leaving the
disturbed channels) are illustrated on Figure 7-1,Ain Appendix R645-301-700-8.

As outlined in R645-301-553: Backfilling and Grading, the CMP culvert in the Deer Creek Canyon
will be removed in sections. Although the canyon is considered ephermal, flow typically occurs. If
during reclamation, flow is found to occur in this canyon, the water will be diverted during channel
construction. This will be accomplished using a sediment trap and a 12" flexible culvert. The trap
will be utilized as a dam while the culvert will route the water around the reclamation work for a
distance determined by the contractor. It will then drop back into the undisturbed CMP culvert below
the work area.

$pdiment Control Measur-es f-or ReclamaJi-on as pertained to R645-301-752

After each section is backfilled and graded, sediment transport will be controlled as required by
R645-301-552. 1 00 and R645-30 I-7 42 ofthe Utah Coal Regs. Best Technology Currently Available
(BTCA) measures will utilize deep gouging (pocking) techniques. These techniques require a
track-hoe or similar machine to roughen the disturbed area in a random and discontinuous fashion
using the bucket. Pockmarks created are approximately 3.0' feet in diameter and 1 .5' feet deep. The
pockmarks are designed to capture or trap precipitation, influencing infiltration. Gouging serves to

fr fr48 -8 0 l-ru 0. fiItlro log[ t/2001



Ilcer Ereefr frline

control erosion through water retention, thus enhancing vegetation growth. Because of the water
retaining capabilities of deep gouging techniques, contributions of sedirnent beyond background
levels are not expected to contribute suspended solids and sediment to receiving streams.

Drainage that occurs in the disturbed area from a storm event will also be treated. When disturbed
culverts are removed, the remaining end of the culvert will be left opened. A berm will be
constructed to route runoff towards the culvert inlet. A sediment trap will be placed in front of the
culvert inlet so that runoff will be treated before entering the disturbed culvert. This treatment will
keep most of the soil on the reclaim slope area and out of the pond. Runoff will be treated again as
it enters the sediment pond.

The intent of the sediment control measures used are to prevent, to the extent possible, additional
contributions of sediment to the stream outside of the disturbed area. To estimate the amount of
sediment that might reach the receiving stream outside the permit area, the Revised Universal Soil
Loss Equation (RUSLE) was used to model sediment loss from the reclaimed atea. The estimate is
then compared to the historical Total Suspended Solids found from analysis at a sample site above
the disturbed area. This comparison will help determine the effectiveness ofthe BTCA for sediment
control.

R645-301 -752.230: Sediment Loss

Sediment loss was calculated, using RUSLE ver. 1.06, to determine if reclamation
practices would cause or contribute to the degradation of downstream water quality.
RUSLE is a set of mathematical equations that estimates soil loss and sediment yield
resulting from rill and interrill erosion. This empirically derived value was then
compared to real sediment loss data (total suspended solids) collected yearly at
pennanent collection locations. The equation uses the fastors as follows:

A:RKLSCP

Where:
A : Average annual soil loss in tons per acre per year
R _ RainfalVrunofferosivity
K _ Soil erodibility
LS _ Hillslope length and steepness
C : Cover management
P : Support practice

Sediment loss for the Deer Creek Mine was determined by calculating the sediment loss

fr fr4 fr -fr 0 l-ru0. ilyilrology r/2001
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from a detailed area of the proposed mine site reclamation. Drawing DS-1795-D in
Appendix R645-301-700-C shows this area and where each calculation was made. Slope
profiles were placed on runoff plains within the reclaimed area, The areas were divided
according to the direction of runoff. Each profile was identified by area (A1, A2, or A3),
number ofprofile (1-5), and characterized as disturbed (D). A tlpical profile name might
be Al -ZD. That is area l, second slope profile in the disturbed.

The area selected to calculate sediment loss is considered representative for the entire
disturbed drainage area. h other words, the average loss is determined from the
reclaimed areas and then multiplied by an acreage factor. The RUSLE program is found
in Appendix R645-301-700-C on the 3.5" floppy disk labeled RUSLE, Deer Creek

Mine, hrput Parameters for Soil Loss Calculations. A review of the files will present all
values used to determine sediment loss on the disturbed areas. The RUSLE equation
factors mentioned above are discussed below. Table 7-1 summarizes sediment loss

calculations used in RUSLE.

The R-factor is the expression of the erosivity of rainfall and runoff. Rainfall datacan be

found in the City database within RUSLE. The Deer Creek Mine is not one of the

monitoring locations found in the program's database. Hiawatha, on the other hand, is
found in the database and was chosen because of its similarity to elevation, temperature,
orientation, etc., to the Deer Creek Mine. There are sixteen years of meteorological data
(1976-1992) recorded in the database. The estimated R-value for this area is 10.

The K-factor is an expression of the inherent erodibility of the soil or surface material at

the Deer Creek Mine. Soil material in the fills (disturbed area) was originally derived
from sandstone and shale parent materials from the pre-SMCRA terrace areas above the

minesite in the Deer Creek Canyon. Chemical analysis ofthe terrace areas was conducted
in fall of 1999 to estimate the chemical characteristics of the facility bench. The data
(average of o/o sand, silt, and clay of all sampling conducted on the terrace benches) from
these samples was used to calculate the K-factor forthe disturbed areas of the mine (refer

to Appendix R645-301-200-C to review this data). Since no data was available for o/o

rock cover to calculate the K-factor, a similar area recently reclaimed was needed. The
average o/o rock cover of the fifteen (15) sample sites of the reclaimed slope in the
Cottonwood Fan Portal area (refer to 1999 Annual Vegetation Report, pg. 243)was used.

This areawas reclaimed in 1998 and is similar in elevation and soil composition to the
Deer Creek Mine site. The K-factor estimated for the reclaimed disturbed areas of the
Deer Creek Mine is 0.225.

Topography was taken into account when calculating the LS-factor. This factor takes the
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hillslope length (L) and gradient (S) as contributing to erosion. If either one of these
factors increase, total soil loss per unit area will also increase. Various lengths and
gradients were used in each profile and are shown on Drawing DS- 1795-D in Appendix
R64s-301-700-C.

The cover-factor (C) was determined for the soil in a disturbed state. An disturbed state
in this case is the condition of the soil immediately after reclamation. In this condition,
there is no effective root mass, no canopy cover and no height in which a raindrop can
fall from or be intercepted by vegetation. The maximum roughness, however, was used
in this calculation since deep pocking is proposed over the entire reclamation site, Other
ground cover entries were also used such as rock fragments and vegetative residue (i.e.
straw or wood fiber mulch). These entries wero conservatively used since no data has
been established.

The supporl practice (P) factor is important when calculating for the disturbed area. It
allows credit for creating closed outlet terraces or sediment basins (i.e. pocking) spaced
evenly along the hillslope profile.

Listed below in Table 7-1 are the values used to calculate sediment loss from the
disturbed areas immediately after reclamation is completed.

The table indicates sediment contributions from the disturbed areas of the Deer Creek
Mine. Table 7 -Ia shows that the average sediment loss from the reclaimed area is
estimated at 1 .57 e-2tons/acre lyear orbased on 95 .79 ac;res of disturbance, 1.51 tons lyear.
It is assumed the remainder of the reclaimed disturbed area will be similar to the study
atea.

The undisturbed acreage within the watershed is approximately 3064 acres. A
comparison was made with data collected between 1984 and 1999 from the sample site
above the Deer Creek Mine (DCR01 in the undisturbed drainage). Total Suspended
Solids (TSS) values between this time period averaged 99.3 mglL. This represents mostly
springtime runoff since the sample locations are frozen over during the winter and rarely
flow during the late summer and fall. Flow was assumed to be the average springtime
flow of 2 cfs. Converting these two values to tons/year, the sediment loss equates to
195.2 tons/year, Comparing this value to the sediment loss realtzed in the proposed
reclamation area of the Deer Creek Mine using RUSLE, it is shown that sediment
contribution to the Huntington Drainage system is negligible.

fr 64fr -3 0 l-ru 0. Ilulrology T4 t/2001



fieer Crcefr frlne

Table 7- 1: Soil loss calculations of the Deer Creek Mine reclaimed utili RUSLEATCA Unllzrng KUSLtr.

Location* A1,l,D AX.2D A2.ID A2.2D A2-3D AT$D A3-ID

R 10 t0 10 10 10 10 10

K 0.22s 0.225 0.225 0.225 0.22s 0.22s 0.225

LS 3.313 4.421 8.566 4.854 7.594 15.24 15.85

C 0.0415 0.0360 0.0297 0.039s 0.0334 0.0270 0.027 r

P 0.031 0.032 0.031 0.031 0.031 0.03 r 0.031

A 9,59e-03 1.15e-02 1.77e-02 1.34e-02 l.77e-.t? 2.87e-02 1.15e-02

' Refer to Drawing DS-1795-D in Appendix R645-301.-700-C for the location of each hillslope profile.
Average soil loss :1,57e-2 tons/acre/acre. The RUSLE program included in the appendix presents the parameters
used to obtain the values in this table.

As part of the final reclamation, the sediment pond will be removed. This will be accomplished by
filling the pond with nearby fill material and stabilizing it. Compaction will minimize settling and
retain structural integrity of the fill area. The Deer Creek channel will be routed over the fill area to
the natural drainage system. The sedirnent pond will be removed after all other reclamation work
above it has been completed. As the sediment pond is being removed, flow will be diverted to the
undisturbed culvert, which lies to the north of the pond. Upon completion of the pond reclamation
and channel restoration, flow will be restored in the new channel and the remainder of the
undisturbed culvert will be excavated.

R645-301-762: Roads

The fan pad access road will be reclaimed as reclamation activities proceed down the Deer Creek
Canyon. The mine access road will also be reclaimed, as it is no longer needed for hauling fill
material. The mine access road will be removed to the point where the county road terminates in the
canyon. At this point, a vehicle turn-around will be developed.

The road accessing the Cl and C2 beltline will be restored as outlined in the cross-section of
Drawing DS-1782-D in Appendix R645-301-500-C. The culvert passing under the C1 bettline
access road will be removed and the channel returned to its original position.

R645-301:762.100: Restoration of.Natural Drainage Patterns in reference to R645-301-740

As mentioned above, channels of the three drainage's will be restored to their original location as

close as possible. The restored main channel (Deer Creek) will have varying bottom widths from 10
to l5 feet and side slopes of 2h: lv. The side channels (Deer and Elk canyons) will also have varying
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bottom widths and 2h:1v side slopes. Channel design calculations are discussedbelow.

Discharee Metho dolo gies

Before channel design can begin, peak runoff flows must be determined. Runoffdepth resulting from
a given rainfall event was determined utilizing the United States Soil Conservation Service (SCS)
methods. According to the curve number methodology, the relationship between storm rainfall, soil
moisture storage, and runoff can be expressed by the equations:

  (p - o.2s)'z
f-r- 

-

- P + 0.8,S
(1)

I 000
CJr{ = (2)10+ 

^S

Where,

direct runoff depth (inches)
storm rainfall depth (inches)
maximum infi ltration depth (inches)
Curve Number

Determination of runoff from Equation 1 is only valid when P> 0.2,S. Below this point, no runoff can
occur.

Estimates of the peak discharge were made using the unit hydrograph procedure developed by the
SCS, Figure 7-1 shows a runoff hydrograph and the associated terminology.

Use of Equations I and 2 require the selection of a curve number, which is a function of vegetative
cover, hydrologic soil groups, and Antecedent Moisture Conditions (AMC). Curve number
information for the area was taken, when possible, from previous soil and vegetative surveys.
Modifications to, or additional curve numbers used wore obtained according to information found
using Table 7- 1 ofthe SCS National Engineering Handbook(I9'72), Section 4, Chapter 7. Vegetation
information contained in the MRP indicates that the cover tlpe is Pinyon-Juniper with approximately
40% ground cover density. Figure 7-2, also obtained from the SCS handbook illustrates the
relationship of curve number to ground cover density for a Juniper-Grass complex.

The P value was determined using the NOAA Atlas 2, Volume VI-Utah, Precipitation-Frequency

0_
Dt-
o
rJ

CN:
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Atlas of the Western United States (1973). This value was found to be 2.4 inches for the designed
100 year / 6 hour storm event.
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A hyetograph of a single block of rainfall excess with durationD is shown in the upperportion of
Figure 7- l. The lower portion of the figure contains the resultant runoff hydrograph. For runoff from
excess rainfall, the area under the hydrographic curve and the area enclosed by the rainfall
hyetograph represent the same volume of water Q. The peak flow rate for the hydrograph is
represented by Qp.The base time tb is the duration of the hydrograph. The time from the center of
mass of rainfall excess to the peak of the runoff hydrograph is the lag time rr. The time of
concentration /., (not shown on Figure 7-1) is defined as the time required for flow from the
hydraulically most remote point in a basin to reach the basin outlet.
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E-/ {
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ito
z
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The time to peak /o, is assumed to be a function of watershed lag ro which is determined

according to the equation:

/o*(^s+ 1)ot
t-aL

1e00Jr
Where,

tL:
t:

watershed lag time (hrs.)

hydraulic length of the mainstream to the farthest

divide (ft)
Average watershed slope (%)v

J-

and S is as previously defined. Values of I'were obtained using the topographic map CM- 10529-EM

in Appendix R645-301-700-8. The hydraulic length was taken from same ffi&p, while .9 was

determined from Equation 2 once the curve number had been estimated.

According to the SCS, the watershed lag time is equal to 0.6/" and the time of concentration tc is

equal to 1.5/o. By combining these two expressions, it can be seen that:

to = l"lltt (4)

where both variables are as previously defined.

The peak discharge constant used in the dimensionless unit hydrograph method is determined

according to the equation:

484A8
qp =

to

unit hydrograph peak flow rate (cfs)
drainage area (sq. mi.)
runoff depth (Equation 1)

conversion factor

Where,

and to is as previously defined in hours.

Stream flow peaks from the watershed subdrainage areas are shown in Table 7 -2 below. These

values were obtained from the storm runoff hydrograph found in Appendix R645-301-700-4.

qp=
t-.fta:
484 :
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Table 7-2:Deer Creek Watershed Runoff Characteristics.

Average'
S-to,pe,:(o/ol

':
100 Year/6 Hour
. ,;Dvent (afq:,.:,.,

,,ElEvation,
changei($

Watershed
Sub-area*i

2,493.0 18,500.0

4,100.0

t See Drawing CM-10529-EM in Appendix R645-301-700- B.

Table 7 -Z accurately represents the Deer Creek Canyon, Deer Canyon, and Elk Canyon drainage

systems. The construction ofthe hydrographs forthese watersheds utilized STORM@ for determining

flows from a 100-yr./6-h. storm event. Five storm hydrographs were constructed. One for each

drainage, otle routing the Deer Canyon into the Deer Creek Canyon, and one routing all three

systems. Channel design employs the information gathered from these five hydrographs.

Ope$ Channel Desiex

Open channel development began by routing the Deer Creek Canyon, Deer Canyon, and Elk Canyon

drainage from their point of entrance in the reclamation area to their point of exit. The final
reclamation channel is presented in Drawing DS-1780-D in Appendix R645-301-700-8. Once the

basic charurels were routed, stations were located and identified every 100 feet down each reach. At
these station locations, the elevation and distance was determined. Using this information, the

average slope of each reach was calculated. The slope of the channel is incorporated into the

mathematical design utilizing open charurel flow equations, such as the Manning's equation.

Open channel design was determined using the SCS method (Haan et. al. 1994). The SCS method

expresses velocity as a function of riprap diameter. The procedure is based on a chart that can be

approximated by

Dso = 9d''' S (6)

(7)or

Where

d*u* =

d*o* : maximum depth of flow in the channel.
Dro _ riprap diameter (ft) such that 50% of the stones have

a diameter smaller than Dro.

( nrol 
oel

t-esJ
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The SCS also presented a chart based on the Isbash curves, which can be approximated by the
expression

v - l?'.$4Droott

If Equation 6 is substituted into Equation 8, a velocity analogous to the Manning's equation becomes
the resultant.

Since Q : vA, and the area A of attapezoidal channel is Bd + Zd2, where B is an assumed bottom
width and Z is the ratio of the side slopes (2:1), the diameter of riprap for the channel can be
calculated. Thus, the Manning's equation becomes

(8)

(e)e = rzB4D,T, 
["i# 

on' 

* r[(# "')']

As mentioned above, the channel bottom width was assumed. This is not exactly a correct statement.
Haestad Methods FlowMaster@ (version 5.13) was used to determine a workable bottom width,
depth and velocity. The idea was to determine these parameters ofthe channel while keeping in mind
the economics of constructing the channel. Having to remove a large quantity of material to cut a
channel would increase construction costs. Likewise, keeping the channel shallow and wide would
increase costs by involving more riprap work. Thus, a trial and error method in FlowMaster@ was
utilized to determine the ideal channel parameters.

Mannings "ru" used in the FlowMasler model, was calculated using n:0.395(DrJll6 (Haanet. al.
1994) for the Deer Creek riprapped channels. The maximum n found using this equation was 0.044.
This equation was used to calculate the roughness coefficients for all riprapped portions of the
channel. For the portion of the channel not lined with riprapped, the roughness coefficient was
estirnated using table values found tn Stream Corridor Restoration, a document prepared by the
Federal Interagency Stream Restoration Working Group. The correction process starts with a base
value (nr) for a straight, uniform, smooth channel in natural materials. This base value is then
adjusted to account for channel irregularities, vegetation, obstructions, and sinuosity of the channel.
The n for the unlined channels at the Deer Creek Mine adjusted to 0.046.

Trapezoidal channel design results are presented in Appendix R645-301-700-D. Table 7-3
summarizes the channel dimensions, expected flow characteristics, and the D' riprap requirements
of the three channels that exist at the Deer Creek Mine.
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Riprap fllter gradation requirements were determined using the following equations as given by

Haan et. a1., t994:

D*(riprap)
<40

D,r(fitrcr)

Drr(riprap)

<40

<5

Filter riprap design calculations using the above-described equations for each stream segment of the

three channels were found to need riprap filter material sized between Yc to I Vz inches. Tables

displaying filter design calculations are presented in Appendix R645-301-700-E.

Bioeneineered Channels

Three channel reaches within the Deer Creek Mine disturbed area exist that have slopes less than

5%. While steeper slopes will be protected with riprap annament, these reaches will integrate living

woody and herbaceous materials with organic and inorganic material to increase the strength of the

soil (Bentrup and Hoag, 1998).

Various techniques will be incorporated to aid in the protection of the streambanks, facilitate

sedimentation, and establish a protective vegetal stand. These techniques include 1) wing deflectors,

log litter or riprap piles to divert flow to the center of the stream away from the bank, 2) boulder

clusters that create scours to dissipate energy for a reduction in flow velocities, 3) I'IJ'' and 'Vrf

shaped weirs which facilitates sedimentation, 4) willow waddles and/orpole plantings to encourages

site specific growth clusters for bank or stream bottom protection, flow velocity reductions, and

sedimentation, A typical design for each "sofi[" reach is located on Figure 7-2L in Appendix

R645-301-700-8.

To ensure the "sof[" reach of the channel will be stable to withstand expected flow velocities during

precipitation events, a sieve analysis, according to the ASTM Standard C-l36, will be performed at

random locations. The sieve analysis determines the percent by weight of particles of material for

various sizes. The particle size datawill be used to predict the ability of the streambed to resist the

erosive forces of flowing water. If it is found that the particle size of the streambed is not sufficient

in controlling down cutting erosion, then the design of the stream channel will be modified to either

control flow velocities or better affnor the streambed.

fr84fr-fr0t-ru0'llydrotogy l'lfl I/2001
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Energy Dissipation

To protect riprap channels from possible failure caused by high velocity, high energy flows, heavily
armored energy dissipation basins are designed at specific channel transition areas. Channel

transition areas are areas in which the upstream steep slope (producing supercritical flow) converges

onto a mild nearly flat slope (producing subcritical flow). At these transition areas, a hydraulic jump
occurs.

Hydraulic jumps are accompanied by a great deal of turbulence and energy dissipation (Haan et.al.,

1994). As hydraulic jumps occur at a specified location, hydraulic structures (energy dissipation
basins) are used within the channel to add drag forces to the flow.

The hydraulic jump can be defined by the equation:

!, =1,_r*lz 2l
( 10)

where,

lz : depth ofjump (ft)
! t _ sequent depth (ft)
V2 : Down stream velocity (ftls) ot Q/A,where Q is in cfs

and A: area of trapezoidal channel (ftt).
g : acceleration due to gravity (32.2 ftls)

Initially, it is not known if the jump occurs on the steep slope (y,> the normal upstream depth) or the

mild slope. In these calculations it is assumed that the jump occrns on the mild slope by using down
stream values in Equation 10. Once the assumption is justified the location of the jump can be

calculated using Equation I 1.

^ Ei+t- Ei
IJJV 

- ,g -,9uo L

where E , and E ,*, represent specific energy at locations along the channel separated by a distance Ax.

So represents the initial slope of the down stream side of the transition, whilt ,S it the average slope

at each end of the channel reach. Calculations for dissipation basins in the Deer Creek drainage at

approximately 8+60 and Deer drainage at approximately 2+43 are found in Appendix R645-301-700-
B.

A third energy dissipation basin is place at the confluence of the Deer Creek Canyon and Elk Canyon

drainages. This basin will be heavily armored with riprap and widened. Basin design is found in
Appendix R45-301-700-B on Figure 7-3A. No hydraulic jump will exist along this reach of the

channel since only supercritical flows occur.

(11)
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Diversi.on of Misc -e-ll4neous Flows

Any groundwater water source that emanates from within the disturbed boundary of the Deer Creek

Mine will be diverted. A drain will be designed to collect ground water sespage and divert it to the

reclaimed channel. This will be accomplished by the use of a French drain system. A typical French

drain is illustrated on Drawing DS- 1780-D. At present, one spring exists within the disturbed area and

is located on Drawing DS-1780-D. A mine discharge is planned at time of reclamation as discussed

in R645-301-500: Engineering. The discharge design is also illustrated on the above mentioned

drawing. Monitoring of the mine discharge will be conducted as required by the UPDES permit.

Surface water sites will be monitored for baseline parameters during the fifth (5ft) and ninth (9ft) years

after final reclamation. In no case will baseline sampling time frame exceed 5 years converting from

operational to reclamation monitoring. The applicant commits to conduct annual surveys to identify

any new discharge locations within and below sealed portals. If discharge occrrs, one water sample

will be collected and analyzed per location quarterly. Parameters analyzed are those listed in the

DOGM Guidelines for Groundwater Water Quality (see Tabl e#Z,Appendix A, Volume 9, Hydrologic
Section).

R645-301 -763 : Siltation Structures

All siltation structures (fences, traps, etc.) will be removed by the completion of reclamation.

Because of the reclamation techniques used, sediment will be retained within the disturbed area and

therefore, no siltation structures will be needed.

Sediment control structures used to control sediment during the reclamation phase are outlined on

Figure '7-4A in Appendix R645-301-700-8.

R645-30 1 -764: Structure Refnoval

A timetable has been constructed for the removal of all structures at the Deer Creek Mine. Included

in the table is the sediment pond. See R645-301-300: Biology for more information.

R645--301-765: Petmanent Casing pld Sealing of.Wells

Each water well will be cased, sealed, or otherwise managed, as approved by the Division.
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Deer Creek Canyon Watershed Hydrograph

I



project, Tit,le = Deer creek Mine Hydrograph
WATERSHED HYDROGRAPH

Inf 10w into struct'ure # 1

Structure tlEe: Null

watershed dat'a for watershed # 1

Cunre number = 69 ' 0
Area
Hydraulic lengLh
Elevation change
Concentration time
ConcenErat'ion Eime tYPe
Unit hYdrograPh tlpe

Total Area =

Storm data
Total PreciPitation
St,orm type
Peak Discharge
Discharge volume

2493 .0 acres
1-8500.00 Feet
2500.0 feeE.

5.53 hours
SCS Upland Curves
ForesLed

rainfall
(in. )
0 .000
0. 015
0 ,015
0.023
0 .023
0.023
0.025
0.025
0 .046
0.046
0.046
0 ,1-79
0. L79
0 .048
0-048
0.048
0.038
0.038
0 .026
0.025
0 .025
0.024
0 .024
0.019
0 .0L9
0.019
0 .017
0.01-7
0 .019
0.019
0 .019

2493.0 acres

2.4 inches
SCS 6 hour design

55.03 cfs
78 .L3 acre f t'

hydrograPh
(cfs)

0.000 *
0.000 *
0.000 *
0-000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0,000 *
0.000 *
0.000 *
0.203 *
0.950 *
1.952 *
3 .243 *
4.801 *
6 .632 *
8.728 *

LL.033 *
L3.554 *
16.279 *
19.210 *
22 .3+l *
25 .649 *
29 .L36 *
32.792 *
36,516 *
40.596 *
44.402 *
47 .797 *

rainfall
(in. )
0 .015
0 .01-5
0 .015
0.023
0 .023
0. 025
0 .025
0, 025
0 .046
0.046
0 .179
0 .1-79
0 .179
0.048
0. 048
0 .038
0.038
0 .038
0.025
0 .026
o.02+
o.o24
0.024
0.019
0.019
0 .0L7
0.01-7
0. 017
0.019
0 .019
0.000

hydrograPh
(cf s)
0 .000
0.000
0-000
0 .000
0.000
0 .000
0. 000
0 ,000
0.000
0 .000
0.000
0.043
0 .546
L .4L7
2 .560
3 .989
5 .68L
7 .654
9 .854

L2.256
14.89L
L7 .7L8
20 .754
23.973
27 .369
30.943
34 .683
38.592
42 .563
45 .1-1-3
49 .398

storm

time
(hr. )
0.L0
0.30
0. s0
0 .70
0.90
1 .10
1-30
1.50
1.70
L.90
2 .1-0
2.30
2 .50
2.70
2 .90
3 .1-0
3.30
3 .50
3 .70
3 .90
4 .1-0
4.30
4.50
4.70
4 .90
5.L0
5.30
5 .50
5 .70
s .90
6 .10

time
(hr. )
0 .00
0 .20
0 .40
0 .60
0.80
r- .00
L.20
1-.40
1-.60
1.80
2 .00
2 .20
2 .40
2 .60
2 .80
3.00
3 .20
3 .40
3 .60
3 .80
4.00
4.20
4 .44
4 .60
4.80
5.00
5.20
5 .40
5.50
5 .80
6.00



time
(hr. )

1_7 .3 0
].7.40
L7 .60
17.80
18. 00
1_8 .20
l-8.40
18.60
1-8 .80
19. 00
19.20
1-9.40
L9.60
L9.80
20.00
20.20
20 .40
20.60
20.80
21. 00
2L.20
2L.40
21 .60
21.80
22 .00
22.20
22 .40
22 .60
22.80
?3.00
23.20
23 .40
23 .60
23.80
24.00
24.20
24-40
24 .60
24.80
25.00
25 .20
25 .40
25 .60
25 .80
26. 00
26 .20
26 .40
26 .50
25. 80
27.00
27.20
27 .4A
27.60
27.80
28.00
28.20

rainfall
(in.1

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0-000
0.000
0, 000
0.000
0 .000
0. 000
0. 000
0 .000
0. 000
0.000
0.000
0, 000
0. 000
0.000
0.000
0.000
0-000
0. 000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0. 000
0.000
0.000

hydrograph
(cf s)

1"8 .4s9
1"9.1.47 *
L7.550 *
L7.027 *
l_5.543 *
l_6.1_09 *
L5.724 *
L5.393 *
L5.0g5 *
L4.g2g *
L4.6]-2 *
L4 -439 *
L4.31-2 *
L4.233 *
L4.170 *
14. t-05 *
14,043 *
13.979 *
L3.916 *
13.852 *
13.799 *
L3.725 *
l_3 .66L *
1-3 .5gg *
13.534 *
L3.47L *
L3.407 *
13 .343 *
13.290 *
1-3 .zL6 tt

13 .1_53 *
t 3.0gg *
L3.026 *
L2 -962 *
t 2.899 *
12.935 *
L2.77L *
L2.708 *
L2 .644 *
L2.59L *
L2.5L7 *
L2.454 *
12.390 *
L2.327 *
L2.263 *
L2.Lgg *
L2.L36 *
L2.A72 *
1-2.009 *
L1.945 *
11-.982 *
1-1. 819 *
LL.754 *
1l-.59L *
LL .627 *
LL.564 *

time
(hr. ;

L7.50
]-7.70
L7.9A
18.L0
l_8.30
18.50
1-8. 70
1_8.90
l-9 . L0
L9,30
19.s0
L9.70
t-9 .90
20.L0
20.30
20.50
20.70
20.90
2J,.LO
2L,30
2l-.50
2L.70
21,90
22.L0
22 .30
22.50
22 -70
22 .90
23 .1-0
23.30
23.s0
23.70
23.90
24.LA
24.30
24.50
24.70
24.90
2s-L0
25.30
2s.50
25.70
25.90
26 .1-0
25.30
26.50
26.70
26.90
27.LO
27.30
27.s0
27.70
27.90
28.10
28.30

rainfall
(in.1

0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0. 000
0.000
0 .000
0. 000
0 ,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0. 000
0. 000
0-000
0. 000
0. 000
0.000
0. 000
0. 000
0.000
0.000
0. 000
0.000
0. 000
0. 000
0 .000
0.000
0. 000
0 .000
0. 000
0.000
0 .000
0. 000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000

hydrograph
(cfs)

L7 .847
L7.287
76 -779
L6.320
1s .9L1
]_s .548
L5.228
1.4 .951-
14.715
L4 .520
L4.370
L4.267
L4.202
14 .138
L4 . O74
L4.011-
t3.947
13.884
L3,820
L3 .7 57
1-3 .693
L3.630
13 .556
13 .502
L3 .439
L3.375
L3 .31_2
13 .248
L3.1_85
13 . L21
13.057
t2.994
12.930
L2 .867
12 .803
L2 .740
t2 .67 6
1-2.5L3
12.549
12 .485
L2 .422
12 .3s8
]-2.295
L2.23L
l-2 . L58
L2 . LO4
12.040
Lt .977
L1.913
1l-.850
L1. 786
L1.723
1L.6',59
L1.595
1 1.532



Eime
(hr. )

6.L0
6.20
5 .40
5.50
6 .80
7 .00
7 .20
7 .40
7 .50
7 .80
I .00
8 .20
B .40
8 .60
I .80
9. 00
9.20
9 .40
9.60
9 .80

r-0.00
10.20
L0 .40
10.60
L0.80
Lr..00
r-L .2 0
l-r..40
1-1-.60
r_1.80
r-2.00
L2 .20
L2 .40
L2.60
L2 .80
13 .00
13 .20
13 .40
r-3 .60
13 .80
14 .00
L4 .20
14 .40
14 .50
1-4 .80
15 .00
r-5.20
1_5.40
15 .60
15 .80
L6.00
16.20
L5 .40
1_5 .50
16 .80
r-7.00

rainfall
(in. )

0.000
0 .000
0 .000
0.000
0 .000
0 ,000
0 .000
0 .000
0 .000
0. 000
0.000
0 .000
0.000
0. 000
0.000
0. 000
0. 000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0 .000
0 .000
0.000
0 .000
0 .000
0 ,000
0 .000
0 ,000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000

hydrograph
(cfs)

49.398
50.912
53 .555
s6.08s
58 .1_58
59 .9L4
61 .406
62 .628
63 .593
64 ,299
64 -760
54.999
65.014
64 .816
54 .408
63 -773
62.896
6L.793
50 .550
59 .507
s8 .353
57 .220
56.O77
54 .933
53 .790
52 .647
51 .503
50.360
49 -2L7
48.073
46.930
45.787
44 .643
43 .500
42 .357
4L .2L4
40.070
38 .927
37 .7 84
35. 540
35 .497
34.354
33 .210
32 .067
30.924
29.780
28 .637
27.494
26.350
25.207
24 .064
22.964
2L.994
2L. 090
20 .?ss
L9 .487

t,ime
(hr. )

6.30
5. s0
6.70
5 .90
7.L0
7.30
7 .50
7.70
7 .90
8.10
8.30
I.s0
I .70
I .90
9 .1_0
9.30
9. s0
9 .70
9 .90

10 .10
1-0.30
l-0.50
L0 .70
10 .90
11.1_0
1-1-.30
1L.50
1-L.70
11.90
L2 .1-0
1-2.30
L2.50
1-2 .70
1-2 .90
13 .10
13.30
13 .50
r.3.70
13 .90
14.1_0
14.30
1_4 .50
]-4.70
L4 .90
L5-10
L5.30
1-5 .50
15 .70
15 .90
15. L0
r-6.30
L6.50
r-5 .70
16.90
L7. L0

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0 .000
0.000
0.000
0 .000
0 .000
0 .000
0 .000
0 .000
0 .000
0 .000
0 ,000
0 .000
0 .000
0 .000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0 .000
0.000
0.000
0 .000

hydrograph
(cf s)

52 .334
54 .9L7
57 .L66
s9 .068
60.694
62 .051
63 . L42
63.979
64 .557
64 .908
6s ,034
64.941"
64.639
64.L?t
53.365
62.36s
6L -222
60 .078
58.935
57 .7 92
56.648
55.505
54.362
53 .218
52 .075
50 .932
49.788
48.545
47 .502
46 ,358
45 .2].5
+4 .072
42 .928
41.785
40 .642
39.499
38 .3s5
37 .2L2
36.069
34 .925
33.782
32 .639
31.495
30 .352
29.249
28.055
26.922
25 .779
24 .63s
23 .501
22 .47 0
2L.534
20 .66+
19 .863
L9 .L27



Lime
(hr. )
28 .50

28 ,50
28 .80
29 .00
29 .20
29.40
29 .60
29 .80
30.00
30 .20
30 .40
30.50
30.80
31-.00
31 .20
31.40
31 .50
31-.80
32 .00
32 .20
32 .40
32 .50
32 .80
33 .00
33,20
33 .40
33 .50
33 .80
34-00
34.20
34 .40
34 .60
34.80
35 .00
35.20
35 .40
35.60
3s.80
36.00
36 .20
35 .40
35 .60
36.80
37. 00
3? .20
37 .40
37.60
37. 80
38.00
38.20
38 .40
38.50
38 .80
39.00
39 .20
39 .40

rainfall
{in. )

0.000
0.000
0.000
0.000
0 .000
0,000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0 .000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0-000
0.000
0 .000
0. 000
0.000
0.000
0.000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0 .000
0 .000
0.000
0-000
0.000
0 .000
0.000
0.000
0.000
0 .000
0. 000
0 .000
0.000
0.000

hydrograPh
(cf s)

11.458
tL .437
1-L .373
11.31-0
LL.246
1-1.1-82
11. L19
t-1-. 055
1-0.992
10 .928
10.855
1-0 .801
10 .737
1-0 .674
10 .51-0
L0 .547
10 .483
10 .420
10.355
L0 .293
Lo.229
1-0 . L55
L0 .1-02
1.0.038

9 .975
9 .911
9 .848
9.784
9.72Q
9 .657
9 .593
9 .530
9.456
9.403
9 .339
9.276
9 .21-2
9 .1-48
9 .085
9 .021
I .958
I .894
I .831"
8.767
I .703
I .640
I .576
I .513
8 .449
8.385
8 .322
I .259
I .1-95
I .131-
8.068
8.004

time
(hr. )

28 -70
28.90
29 .10
29.30
29.s0
29.70
29 -90
30.10
30.30
30.50
30.70
30.90
31.1-0
31.30
31.50
31.70
31.90
32 .1-0
32.30
32 .50
32 .'t 0
32.90
33 .l-0
33 .30
33.s0
33 .70
33 .90
34.1-0
34.30
34.50
34.70
34 .90
35.10
35.30
35 .50
35.70
35 .90
36 .10
35 .30
35.50
36 ,70
36 .90
37 .1-0
37.30
37 .50
37 .70
37 .90
38.L0
38,30
38.50
38.70
38.90
39.1,0
39.30
39.50

rainfall
(in. )

0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0.000
0 .000
0 ,000
0.000
0 .000
0 .000
0.000
0 .000
0 .000
0.000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0. 000
0 .000
0.000
0.000
0.000
0 .000
0.000
0.000
0. 000
0 .000
0.000
0,000
0.000
0.000
0 .000
0. 000

hydrograPh
(cf s)

t-1.405
11-.341-
LL.278
LL.21,+
11.151-
1-1. 087
11-.023
L0 .960
10.896
10 .833
10.769
10.705
LO .542
l-0 .579
10.51,5
10 .451
10 .388
10 .324
10 .261
1-0 .197
10.134
10.070
1-0.007

9 .943
9 .879
9 .816
9 .752
9.689
9.625
9 .552
9 .498
9.+34
9 -37L
9.307
9 -244
9. 180
9 .LL7
9.053
I .990
8.926
I .852
I .799
I .735
8 .672
I .508
I .545
I .481
8 .4L7
8 .3s4
I .290
8.227
I .163
g .100
8.036

. 't.973

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



time
(hr. )
39.70

39,80
40.00
40 .20
40 .40
40 .60
40.80
41.00
4L.20
41- .40
41-.50
43..80
42.00
42 .24
42.+o
+2 .60
42 -80
43.00
43 .20
43 .40
43 .60
43 .80
44.00
4+.20
44 .40
44 .50
44.80
45.00
45.20
45.40
45.50
45.80
46. 00
46.20
45 .40
46 .60
45.80
47.00
47 -20
47 .40
47 .60
47 .80
48.00
48 .20
48,40
48.50
48.80
49.00
49 .2Q
49 .40
49 .60
49,80
50.00
50 .20
50 .40
s0 .60

rainfall
(in. )

0.000
0.000
0 .000
0.000
0 .000
0.000
0.000
0.000
0. 000
0 .000
0.000
0.000
0.000
0 .000
0. 000
0 .000
0.000
0 .000
0.000
0 .000
0 .000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0.000
0.000
0 .000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0,000
0 .000
0.000
0,000
0.000
0 .000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0.000
0 .000
0.000
0 .000
0. 000

hydrograPh
(cf s)

7 .9Q9
7 .877 *
7 -8t+ *
7 .750 *
7 -687 *
7.623 *
7.559 *
7 .496 *
7 -432 *
7 .359 *
7.305 *
7 .242 *
7 .L78 *
7 .]-'L4 *
7.051 *
5.987 *
6.924 *
6.860 *
6.797 *
6 .733 *
6.670 *
5.606 *
6.542 *
6.+79 *
6.4L5 *
6.352 *
5.288 *
6 .225 *
5-1-51 *
6,097 *
6.034 *
5.970 *
5.907 *
5.843 *
5.780 *
5.7L6 *
5.653 *
5.589 *
5.525 *
5 -462 *
5.398 *
5.335 *
5.27L *
5.208 *
5.L4+ *
5.080 *
5.017 *
4.953 *
4.890 *
4.826 *
4.763 *
4.699 *
4 .636 *
4 .572 *
4.508 *
4.445 *

time
(hr. )

39.90
40 . r-0
40.30
40 ,50
40.70
40.90
41- - L0
41-.30
41 .50
4L.70
4L. 90
42 . r-0
42 -30
42 .50
42.70
42 .90
43 .10
43.30
43 .50
43 .70
43.90
44.l-0
44.30
44 .50
+4.70
44.90
45.l-0
45.30
45 .50
45.70
45 .90
46 .10
46.30
46 .50
+6.70
45 .90
47 .10
4?.30
47 .50
47 .70
47.90
48 .10
48.30
48 .50
48.70
48 .90
49.L0
49.30
49 .50
49.70
49 .90
50 .10
50 .30
s0 .50
50.70

rainfall
(in. )

0.000
0-000
0.000
0.000
0.000
0.000
0 .000
0. 000
0 .000
0.000
0 .000
0.000
0 .000
0 .000
0-000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0.000
0 .000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0.000
0.000
0. 000
0.000
0. 000
0 .000
0 .000
0.000
0.000
0. 000
0 .000
0. 000
0.000
0. 000
0 .000
0 .000
0.000
0.000
0. 000
0 .000
0 .000
0.000
0 .000

hydrograPh
(cf s)

1 .845
7 .782
7.7L8
7 .655
7 .59]l.
7 -528
7 .464
7 .400
7 .337
7.273
7 .2L0
7 .L46
7.083
7.OL9
6.956
6 -892
5.828
6.765
5 .701-
5 .638
6 -574
5 . s]-t
6 -447
6 .384
5.320
5.2s6
6 .193
6 -L29
6.065
6 .002
5-939
5 .875
5 - 811-
5.748
5 .584
5 -62L
5'557
5 .494
5 .430
5-367
5.303
5 -239
5 - 1-75
5.LLz
5.049
4 .985
4 ,922
4 .8s8
4 .794
4.73L
+ .657
4 .604
4 .540
4.477
+ .4L3



time
(hr. )

50.90
51-. 00
51.20
51 .40
s1. 60
51-.80
s2.00
52 .20
52 .40
s2.60
52 .80
s3 .00
53.20
53 .40
53 .50
53 .80
54.00
s4.20
54.40
s4.50
54.80
s5.00
s5.20
55.40
55 .50
s5.80
s5.00
56.20
56 .40
s6.60
55.80
57.00
57 .20
57 .40
57 .50
57.80
s8.00
58 .20
s8 .40
58.50
s8.80
59 .00
59.20
59 .40
s9.60
59.80
60.00
60.20
50 .40
50.60
60.80
61.00
6r.20
5L.40
61-.50
51-.80

rainfall
(in. )

0 .000
0.000
0-000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0-000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0-000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000

hydrograPh
( cfs)

4 .350
4-318
4.254
4 .19L
4 .L27
4 .054
4.000
3.935
3 .8?3
3 .809
3 -746
3 .682
3 .6L9
3.s55
3 .49t
3.+28
3 .364
3.30L
3.237
3.L74
3.LL0
3 .047
2.983
2 .91-9
2.856
2.792
2 .729
2 .665
2 .602
2.538
2.474
2 .4LL
2 .3+7
2 .284
2 .220
2.157
2-093
2.030
L.956
1- .902
1-.839
L.775
L.7L2
t .648
1 ,585
t .52L
L .457
1,.394
1 .330
L -267
1.203
1-.1"40
L. 075
1.01_3
0 .949
0 .885

time
(hr. )

51.1-0
s1.30
51-.50
51.70
51-.90
52 .l-0
52.30
s2 .50
52.70
52.90
53 .1-0
53.30
53.s0
s3.70
s3 .90
54.10
54.30
54.50
54 .70
54.90
55 .1-0
s5 .30
55 .50
s5.70
55 .90
55 .10
56.30
56 .50
s6.70
s6 .90
57 - 1-0

57.30
57,50
57 .70
s7.90
58.10
58.30
58 .50
58.70
s8,90
59 .10
s9.30
59 .50
s9.70
59.90
60.L0
60 .30
60.50
60.70
60.90
61.1-0
5t-.30
5L.50
61,.?0
51.90

rainfall
(in. )

0. 000
0.000
0.000
0-000
0.000
0.000
0.000
0.000
0. 000
0-000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0 .000
0. 000
0 .000
0 .000
0 .000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0. 000
0 .000
0 ,000
0.000
0 .000
0 .000
0.000
0 .000
0.000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0 .000
0. 000
0 ,000
0. 000
0 .000

hydrograPh
(cf s)

4.286
4 -222
4 .159
4.095
+.o32
3 .958
3 .905
3.841
3.777
3 -7L4
3 .650
3 .587
3 .523
3 .460
3 .396
3 .333
3.269
3.205
3.L42
3 .078
3 .015
2 .95L
2-888
2 .824
2.760
2 .697
2 .633
2 -570
2 .505
2 .443
2.379
2.3L5
2.252
2 .l-88
2 .L25
2 .051
1-.998
1.934
1. 87L
L.807
L.744
r,680
1.6L5
1.553
1 .489
L,425
L.362
L.299
L.235
L.171
1-.1-08
l-.044
0 .981-
0 .917
0-854

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



time
(hr. )

62 .10
62 .20
62 .40
62 .60
52-80
63 .00
63 .20
53-40
63.60
53 .80
54. 00
6+.20
64 .40
64.50
54-80
65. 00
55.20
65.40
65 .60
55.80
66.00
56 -20
65 .40
66.50
66.80

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0. 000
0.000
0-000
0. 000
0 .000
0.000
0-000
0 .000
0 .000
0-000
0.000
0.000
0.000
0-000
0.000
0.000

hydrograph
(cfs)

0.790
0.758
0.69s
0.631
0 .568
0,504
0.443
0.390
0 .341
0.296
0.zss
0 .2L7
0 .184
0 .153
0.L26
0.101
0. 079
0.061-
0. 044
0.031
0. 01-9
0.011
0. 004
0. 001
0. 000

time
(hr. )

52.30
62 .50
62.7A
52 .90
63.10
63.30
53.s0
63 -70
63.90
64 .10
64.30
64. s0
64.70
54 .90
55 .10
55.30
55 .50
55.70
65 .90
65 .l-0
56.30
66 .50
66.70

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0. 000
0. 000
0. 000
0. 000
0.000
0. 000
0.000
0.000
0 .000
0 .000
0.000
0 .000
0 .000

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

hydrograph
(cf s)

o.727
0 .663
0 .599
0.535
o.473
0 .4r-6
0 .365
0 .3L8
o.275
0.235
0,200
0 .158
0 .139
0 .113
0. 090
0. 070
0.052
0. 037
0 .02s
0. 015
0. 007
0. 002
0.000



Deer canyon watershed Hydrograph

lr



Project Title = Deer Drai-naqe
WATERSHED HrcROGRAPH

Inflow int,o sE:rrcture # t-
Strrrcture tnpe: NuII

Wat,ershed data for
Cu:rre number
Area

waEershed # 1-

= 91.0

ToEal Area = L19.0 acres

Storm dat,a
Total precipitation = 2.+ inches
St,orm LlEe = SCS 6 hour design sgo11n

Ilydraulic length
Elevat,ion change
concenEraE,i-on t,ime
ConcenEration tj-me type
Unit hydrograph tlrgle

Peak Discharge
Discharge volume

= 1L9.0 acres
= 4100.00 Feet,
= L400.0 feet.
= 0.1-9 hours
= SCS Upland Currres
= Forested

= 84.83 cfs
= 15.07 acre ft

hydrograph time
(cfs) (hr. )

0.000 * 0. L0
0.000 * 0.30
0.000 * 0.50
0.000 * 0.70
0.000 * 0.90
0.000 * 1.10
0 .250 * 1.30
L.21-6 * 1.50
3 .190 * 1.70
7,090 * 1.90

11.196 * 2.10
37.836 * 2 -30
70.620 * 2.50
84.472 * 2.70
65.247 * 2.90
54.054 * 3.10
50.424 * 3.30
49.084 * 3.50
47 .222 * 3.70
43.457 * 3.90
40.668 * 4.10
38.089 * 4.30
35 .673 * 4.50
33 .004 * 4.70
29.635 * 4.90
26.694 * 5.10
24.0t7 * 5.30
22.L47 * 5 .50
2L.328 * 5.70
2L.202 * 5.90
21.037 * 6.10

Eime
(hr. )

0. 00
0.20
0 .40
0 .50
0 .80
1. 00
1.2 0
1.40
1. 50
1.80
2.00
2 ,20
2 .40
2 .60
2.80
3 .00
3 .20
3 .40
3 .60
3 .80
4.00
4.24
4.40
4 .60
4 .80
5. 00
s .20
5 .40
s .60
5 .80
6-00

rainfall
(in. )

0. 000
0. 015
0 .015
0 .023
0.023
0. 023
0 .025
0.025
0. 046
0.046
0 .046
0.179
0.179
0.048
0,048
0.048
0.038
0.038
0.026
0. 026
0.025
0.o24
0.024
0. 019
0.019
0.019
0.017
0.017
0 ,019
0. 01-9
0. 019

rainfall
(in. )

0.015
0.015
0 .015
0. 023
0. 023
0 .02s
0. 025
0. 025
0.046
0. 046
0 ,179
0.L79
0. L79
0 .048
0.048
0.038
0.038
0 .038
0.026
0, 026
0.024
0.024
0.024
0. 019
0. 019
0.017
0.017
0.017
0,019
0 .019
0.000

hydrograph
(cfsl
0 .000
0.000
0 .000
0. 000
0.000
0.044
0 .657
1. 879
5. 070
9 .1s8

2L.262
54.687
84 .829
74.072
58 .463
51.335
49.673
48.663
45,219
41.939
39 .358
35.860
34.531
31.268
28 .109
25.293
22.963
21.582
2L .27 0
2L.L24
18 .941



E,ime
(hr. )

6 .10
6.20
5 .40
5.60
5.80
7,00
7 .20
7 .40
7 .60
7.80
8.00
I .20
I .40
9.60
8.80
9.00

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000

hydrograph
(cfs)

18 .94L
15.568
t0.723

7 .907
6 .55i-
5 .345
4.279
3 .350
2 .55L
1.855
1.290
0 .821
0 .453
0.189
0.038
0.000

time
(hr. )

6.30
5.50
6.70
6 ,90
7 .10
7.30
7.50
7.70
7 .90
I .10
8.30
I .50
I .70
8.90

rainfall
(in. )

0.000
0.000
0.000
0.000
0. 000
0. 000
0.000
0.000
0. 000
0. 000
0. 000
0. 000
0.000
0.000

hydrograph
(cfs)

L2.928
9. 054
7 .2L0
s .929
4.795
3.797
2 .935
2.3,94
1.56'3
1. 043
0 .624
0.307
0 .099
0 .005

*
*
*
*
f,

*
t
*
*
*
*
*
*
*
*



Elk canyon watershed Hydrograph

l,



Project Title = Elk
WATERSHED HYDROGRAPH

Inf low i-nEo st,ructure #
sEructure Eype:

Canyon nrainage

L
NuIl

watershed data for
Curnre number
Area

wat,ershed # 1
= 76.0

Hydraulic length
Elevation change
Concent,rat,ion time
ConcenEration time tlr1le
Unit hydrograph Eype

Total Area

SEorm data
Total precipit,ation
SEorm tlrI)e
Peak Discharge
Discharge volume

= 452 .0 acres
= 7200.00 FeeL
= L800.0 feeE.
= 0.23 hours
= SCS Up1and Cutlres
= Forest,ed

= 452.O acres

= 2 -+ inches
= SCS 5 hour deslgn sEorm
= 94.44 cfs
= 23 .9L acre ft

t,ime
(hr. )

0.00
0 .20
0 .40
0.60
0.80
r. 00
1.20
1.40
1. 50
1.80
2.00
2 .2Q
2 .40
2 .50
2 .80
3 .00
3 .20
3 .40
3 .50
3 .80
4.00
4.20
4 .40
4.60
4.80
s.00
5 .20
5 .40
5.60
5.80
6.00

rainfall
(in. )

0.000
0.015
0.015
0,023
0 .023
0. 023
0.02s
0. 025
0.045
0 .046
0.046
0.178
0. L78
0. 048
0 .048
0.048
0.038
0 .038
0. 026
0.025
0.026
0.023
0. 023
0,019
0-019
0. 019
0.017
0.017
0.019
0. 019
0. 019

Eime
(hr. )

0. t-0
0.30
0.50
0.70
0 .90
r.10
1.30
1.50
r..70
1.90
2 .10
2.30
2 .50
2.70
2.90
3.10
3 ,30
3 .50
3 ,70
3 .90
4.10
4.30
4 .50
4.70
4 .90
5.10
5.30
s.50
5 .70
5.90
6. L0

rainfall
(in. )

0.015
0.015
0,015
0.023
0 .023
0. 025
0. 025
0 .025
0.046
0. 045
0 .179
0.179
0.179
0.048
0. 048
0: 038
0.038
0.039
0.026
0. 026
0.023
0 .024
0.023
0.019
0. 019
0.017
0.017
0.017
0. 019
0.019
0,000

hydrograph
(cfs)

0.000 f
0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
8.290 *

50.411 *
94.435 *
87.286 *
78.62L *
73.104 *
74.726 *
75.256 *
71.595 *
69.667 *
67 .876 *
56.951 *
65.454 *
62 .2L4 *
59.516 *
56.555 *
53.699 *
51.591 *
51.310 *
51.409 *

hydrograph
(cf s)
0.000
0 .000
0.000
0. 000
0. 000
0,000
0. 000
0.000
0 .000
0. 000
0.944

25. s63
80.153
91.402
82.600
75.060
73 ,806
?5.884
73 .130
70.435
68.784
6? .381
66.570
63.724
60.843
58.169
55.097
52.374
51.361
s]..383
47.466



Eime
(hr. )

6.10
5.20
5 .40
6.50
5.80
7.00
7 .20
7 .40
7 .50
7.80
8.00
I .20
I .40
I .50
8.80
9 .00
9.20

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0. 000
0.000
0.000

hydrograph
(cfs)

47 - 466
40.L72
28 .537
20.995
L7.285
1_4 .549
L2 .072

9 .8s8
7 .892
6.L7L
4.685
3 .406
2 .335
1.461
0.780
0.303
0.045

t,ime
(hr. )

5.30
5 .50
6.70
5 .90
7 .L0
7.30
7 .50
7.70
7 .90
I .10
8.30
I.s0
8.70
I .90
9 .10

rainfall
(in. )

0.000
0.000
0.000
0. 000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0 .000
0. 000
0.000
0.000

hydrograph
(cf s)

33.840
24.253
18 .771
L5 .885
L3.278
10 .932
8.845
7.000
5 .402
4.019
2.845
L.874
1.096
0.514
0.146

*
*
*
*
*
*
*
*
t

*
*
*
*
*
*
*



Combined Watershed Hydrograph



Projecu Title
WATERSHM I{Y'DROGRAPH

Inflow into stnucture # I
SE,rrrcture Eype: NuIl

Watershed data for !,rat,ershed # L
Currre number = 69.0

= Convergence of Deer Creek and Deer Cyn.

Area
Hydraulic length
Elevation change
Concentration E,ime
concentration Eime type
unit hydrograph tlpe

= 2493.0 acres
= L8500.00 FeeE
= 2500.0 feet.
= 5 .53 hours
= SCS Upland Cunres
= ForesE,ed

Total Area

Storm daEa
Total precipitaEion =
Storm cype =
Peak Discharge =
Discharge volume E;

watershed data
Ctrnre number
Area

time
(hr. )

0.00
0.20
0 .40
0 .60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.20
2,40
2 .60
2 .80
3 .00
3 .20
3 .40
3 .50
3 .80
4 .00

for watershed # 2

= 91.0

Hydraulic length
Elevation change
concentration time
ConcentraEion time t1'pe
Unit hydrograph Eltpe

= 1-19.0 acres
= 4100.00 FeeE
= L400.0 feeE.
= 0.11 hours
= SCS Upland Cu:rres
= ForesE,ed

= 26L2-O aeres

2.4 inches
SCS 6 hour desigrn sEorm
103.38 cfs
93.20 acre ft

hydrograph
(cfs)

0.000 *
0.000 *
0,000 *
0.000 *
0,000 *
0.000 *
0.455 *
1.791 *
4.604 *
9.398 *

13.795 *
54.L29 *
90.557 *
89.877 *
65.302 *
63.140 *
60.543 *
59.407 *
56.822 *
s2.526 *
50.558 *

rainfall
(in. )

0.000
0 .015
0. 015
0. 023
0. 023
0. 023
0.02s
0.025
0.046
0.046
0.045
0.179
0.179
0.048
0.048
0 ,048
0,038
0.038
0 .026
0.026
0.026

t,ime
(hr. )

0.10
0.30
0.50
0 .70
0 .90
1.10
1.30
1 .50
r.,70
1.90
2.10
2 .30
2 .50
2.70
2,90
3 .10
3.30
3.s0
3 .70
3 .90
4 .10

rainfall
(in. )
0. 015
0. 015
0 .015
0.023
0.023
0 .025
0 .025
0.025
0.045
0.046
0.1?9
0,179
0,1?9
0.048
0.048
0.038
0.038
0.038
0.026
0.025
0.024

hydrograph
(cfs)
0.000
0.000
0.000
0.000
0.000
0.089
1.053
2.591
6.984

11.693
32.436
74.O47

103 .376
75,513
62 .436
51. 889
59.811
59 .346
54.373
51..294
49 .294



t,ime
(hr. )

4.10
4 .20
+ .44
4 .50
4.80
5.00
5.ZO
5 .40
5 .60
5.80
6 .00
6.20
5 .40
6.60
6 .80
7 .00
7 .20
7 .40
7.60
7.80
8.00
8.20
I .40
I .60
I .80
9.00
9-20
9 .40
9 .60
9.80

10.00
10.20
10 .40
10 .60
10.80
11. 00
l.X.20
1L.40
11.60
11.80
12 .00
L2,20
L2 .40
12.50
12.80
13.00
13 .20
13 .40
13 .60
13 .80
14.00
14.20
14.40
14.60
14.80
15 .00

rainfall
(in. )

0.024
o .024
0.024
0.019
0 .019
0 .019
0.0L7
0.017
0.019
0.019
0.01-9
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0 .000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0-000
0.000
0 .000
0.000
0.000
0 .000
0. 000
0 .000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000

hydrograph
(cfs)

49 .294
48 .3 04
47.841
48 .546
49 .498
51.756
53.861-
s6 .673
50 .533
64 .628
68.02L
63.197
6L .367
52.034
62 . s98
63 .073
63 . s09
63 .881
64 .204
64 .492
64.757
64 .999
65.014
64. 815
64 .408
63.773
62. 896
61.793
60 .650
59.507
58 .353
57 .220
56 .077
54 .933
53 .790
52 .647
51.503
50.350
49 .2r7
48.073
46.930
45.787
44 .643
43 .500
42 .357
4L.ZtA
40. 070
38 .927
3? . ?84
36 .640
35 .497
34 .354
33 .210
32 .067
30.924
29.780

time
(hr. )

4.30
4 .50
4.70
4 .90
5 .10
s.30
5.50
5.70
5 .90
6.10
5-30
5 .50
6 .70
5 .90
7.L0
7.30
7 .50
7 .70
7 .90
I .10
8.30
8.50
I .70
8.90
9 .10
9.30
9.s0
9.70
9 .90

10 .10
L0.30
10.50
10.70
10.90
11.10
11.3 0
11-50
11.70
11.90
x2. L0
12 .30
12 .50
L2,70
L2.90
13 .10
13.30
13 .50
13 .70
13 .90
14. r.0
14.30
14.50
L4.70
14-90
15.10

rainfall
(in. )

0. 024
0. 024
0 .0L9
0 .019
0 .01?
0 .017
0 .017
0 .019
0.019
0.000
0. 000
0.000
0.000
0.000
0 .000
0 .000
0.000
0.000
0.000
0.000
0. 000
0.000
e. c00
0,000
0.000
0.000
0 .000
0.000
0.000
0.000
0. 000
0. 000
0.000
0.000
0 .000
0.000
0 .000
0,000
0.000
0.000
0.000
0.000
0.000
0. 000
0,000
0.000
0,000
0.000
0.000
0. 000
0.000
0-000
0 .000
0.000
0 .000

hydrograph
(cfs)

47.804
48 .4L9
48.854
50 .479
52.75L
55 . L68
58.357
62 .583
66.367
65.555
51. 800
6L ,7 A7
62.332
62 .839
53 .298
63.702
54.048
64.352
64 .628
64.908
6s .034
64.94L
54.639
64.L?L
63 .365
52.365
6L.222
50,078
58 .935
57 .792
55 .648
55 . sos
54.362
53 .218
52.075
50.932
49.788
48.545
47 .soz
46.358
45.215
44 .072
42.928
41.785
40.642
39.499
38.355
37 .2L2
36.069
34 .925
33 .782
32.639
31.495
30,352
29 .209



Eime
(hr. )

15.30
i.5 .40
15 .50
15.80
15.00
L6.20
16 .40
L5 .60
16.80
1?.00
L7 .20
L7.40
17 .60
17.80
18.00
18.20
18.40
18 .50
18.80
19. 00
19.20
19 .40
t 9.60
19. 80
20 .00
20.20
20 .40
20.60
20. 80
21. 00
21.20
21 .40
2L .60
21. 80
22 .00
22 .20
22 .40
22 .60
22 .80
23.00
?,3.20
23 .40
23 .60
23 .80
24.00
24.20
24.40
24 .60
24 .80
25.00
25 .20
25 .40
25.60
25.80
26.00
26.20

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0 .000
0.000
0.000
0.000
0.000
0.000
0,000
0. 000
0.000
0.000
0.000
0. 000
0. 000
0.000
0.000
0.000
0 .000
0 .000
0 .000
0 .000
0.000
0.000
0.000
0 .000
0 .000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

. 0.000
0.000

hydrograph
(cfs)

28.055
27.494
26 .3s0
25 .207
24 .064
22 .964
2L.994
21.090
20. ?55
19 .487
18 .784
18.147
17 .560
L7 .027
15.543
16. r09
L5.',724
L5.383
15.085
14.828
L4 .6L2
L4 .439
L4.3L2
111 ?:!?
14. r-70
14 .106
14.043
13.979
13 .915
13 .852
L3 .788
13 .725
r.3.551
13 .598
13 .534
13 .471
L3 .407
13 .343
13 .280
13 .216
13 .153
13.089
13.026
L2,962
12.899
12.835
L2 .77L
12.708
L2 .644
x2 .581
L2 ,5L7
L2 .454
12 .390
L2 .327
L2 .263
12 .199

E,ime
(hr. )

15.50
15.70
15 .90
15 .10
16.30
15 .50
r.6.70
16.90
L7.10
17.30
17.50
L7.70
17.90
18 . r-0
r8.30
18.50
L8 .70
18.90
L9 .10
19.30
19.50
L9.70
19.90
20.10
20.30
20.50
20.74
20.90
21. r-0
21.30
21.s0
2L.7 0
21. 90
22 .t0
22 .30
22. s0
22 .'7 0
22 .90
23.10
23 .30
23.s0
23.70
23.90
24.10
24.30
24.50
24.74
24.90
25.10
25.30
25. s0
25.70
25.90
25 ,10
26,30

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0 .000
0 .000
0.000
0.000
0 .000
0 .000
0.000
0 .000
0 .000
0 .000
0 .000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0. 000
0 .000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0. 000
0.000
0.000
0.000
0. 000
0.000
0.000

hydrograph
(cfs)

26 .922
25 .77 9
24.635
23 .501-
22 .47 0
21.534
20 .664
19.853
L9 .L27
18.459
L7 .847
L7 .287
L6.779
16.320
15.911
15.548
L5.228
14.951
14.715
14 .520
14.370
L4.267
L4.202
14.138
L4 .074
14.011
13.947
13.884
13.820
L3 .757
13 .693
13.630
13 .566
13 .502
13.439
13 .375
13.312
13 .248
13.185
13 .121
13.057
L2.994
12.930
12 .867
12.803
L2.740
L2 .67 6
12.613
L2 .549
12.485
L2 .422
12 .358
L2.295
L2.23L
12 .158



t,ime
(hr. )

26. s0
25 .60
26.80
27 -00
27.20
27 .40
27 .50
27.80
28.00
28 .20
28 .40
28.60
28.80
29.00
29 .20
29.40
29.50
29.80
30. 00
30.20
30 .40
30 .60
30.80
31.00
31.20
31 .40
31-50
31.80
32.00
32 -20
32 .40
32 .60
32.80
33.00
33.20
33 .40
33 .60
33 .80
34.00
34 .20
34 .40
34 .60
34.80
35 .00
35.20
35 .40
35 .50
35 .80
36 .00
36 .20
36 .40
36.60
36 .80
37.00
37 .20
37 .40

rainfal I
(in. )

0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0-000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0-000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0 .000
0.000

hydrograPh
(cfs)

1-2 .104
L2 .072
12 .009
11.945
L1.882
11.818
tL .7 54
1r.691
tt .627
11. s64
11.500
L1.43?
LL.373
11. 3 r0
LL.2+6
LL.LBZ
11. L19
11. 055
r0 .992
10.928
10 .865
10.801
L0.737
L0 .574
10 .610
10 .547
10 ,483
L0 .420
10 .356
10 .293
To .229
10 . L55
r0 .102
10.038
9.975
9 .911
9 .848
9.784
9 .720
I .657
9 .593
9.530
9 .466
9 .403
9 .339
I .276
9.2L2
9.148
9 .085
9.021
I .958
I .894
8.83L
8.767
I .703
I .640

Eime
(hr. )

26.70
26.90
2',7 .L0
27 .3Q
27.50
27 .70
27.90
28.10
28.30
28.s0
28.70
28.90
29.L0
29 .30
29 .50
29.70
29.90
30.L0
30.30
30.50
30.70
30.90
31.r0
31.30
31.50
31.70
31.90
32.L0
32.30
32 .50
32.70
32 .90
33 .10
33 .30
33 .50
33.?0
33.90
34 .10
34 .30
34 .50
34.70
34 .90
35.L0
35.30
35,50
3s.?0
35.90
36 .1-0
36.30
36.50
36 .70
36 .90
37 .10
37.30
37.50

rainfall
(in. )

0.000
0.000
0.000
0.000
0 .000
0 .000
0.000
0.000
0 .000
0 .000
0.000
0.000
0 .000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0.000
0 .000
0.000
0. 000
0.000
0 .000
0. 000
0 .000
0.000
0.000
0.000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0 .000
0. 000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0.000
0 .000
0 .000
0.000
0 .000
0 .000
0.000
0.000
0 .000

hydrograPh
(cfs)

12 .040
LL.977
11.913
11.850
11.786
LL.723
11.559
11.596
11.532
11.458
11.405
11.341
11.278
LL.2L4
11.151
11.087
11. 023
10.960
10.896
10. 833
10.769
10 .706
LO .642
10 .579
L0.515
10 .451
10 .388
10 .324
10.261
10. L97
10.134
L0.070
10.00?
9.943
9 .879
9.816
9 .752
9 .689
I .62s
9 -562
9.498
9 .434
9.37L
9-307
9 -244
9.180
9-11?
9. 053
I .990
I .926
8.862
I .799
8.735
I-6?2
8,608

*
*
f

*
*
*
x

*
*
*
i

*
*
*
*
*
*
*
t

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



t,ime
(hr. )

3?.?0
37.80
38.00
38.20
38 .40
38.60
38.80
39.00
39.20
39 .40
39 .50
39 .80
40.00
40.20
40 .40
40.50
40.80
41. 00
4L.20
41.40
41.60
41.80
42 .00
42 .20
42 .40
42 .5Q
42 .80
43 .00
43.20
43 .40
43 .60
43.80
44 .00
44 .20
44 .40
44 .60
44.80
45.00
45,20
45 ,40
45 .60
45.80
45.00
46.20
46 .40
46 .60
46 .80
47.00
47 .ZA
47.+0
47 .60
4? .80
48 .00
48.20
48 .40
48 .60

rainfall
(in. )

0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0. 000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0-000
0.000
0.000
0,000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000

hydrograPh
(cfs)

I .545
I .5L3
I .449
8.386
I .322
8.259
I .195
8.131
I .068
8.004
1 .94L
7,877
7 .814
7 .750
7 .687
7 .623
7 .559
7.496
7.+32
7.369
7.305
7 .242
7.L78
7.Lt+
7 .051
6.987
5.924
6.860
6.797
5 .733
6.670
6 .605
6.542
5.479
6 .415
6 .352
6 .288
6 .225
6 .151
6.O97
5.034
5.970
5 .90?
5,843
5 .780
5 .716
5 .553
5.589
5.52s
5 .462
5.398
s .335
5 .27L
5 .208
5.144
s.080

Eime
(hr. )

37.90
38. t0
38.30
38. s0
38.70
38.90
39.L0
39,30
39.50
39.70
39 .90
40.10
40.30
40 .50
40.70
40.90
41.10
41.30
41.50
4L .',I 0
41.90
42.LQ
42-30
42 .50
42.70
42 .90
43 ,10
43.30
43 .50
43.70
43 .90
44.L0
44.30
44.50
44.70
44.90
45.1,0
45 .30
45.s0
45 .70
45 .90
45 .10
46.30
46 .50
46. ?0
46 .90
47.1-0
47.30
47 .50
47.7Q
47.90
48. r0
48.30
48 .50
48 .70

rainfall
(in. )

0.000
0.000
0.000
0.000
0. 000
0 .000
0.000
0.000
0.000
0 .000
0 .000
0.000
0 .000
0.000
0. 000
0.000
0.000
0. 000
0. 000
0 .000
0.000
0.000
0. 000
0 .000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0 .000
0,000
0.000
0.000
0.000
0 .000
0.000
0. 000
0.000
0.000
0. 000
0.000
0, 000
0. 000
0,000
0.000
0-000
0.000
0. 000
0.000
0.000
0.000
0,000

hydrograPh
(cfs)

I .481
a.+ti
I .354
I .290
8 .227
I .153
8.100
8.036
7 .973
7 .909
7.845
7.782
7 .7L8
7 .555
7 .591
7 .528
7 .464
7 .400
7 .337
7 .273
7 .2L0
7 .L46
7. 083
7.019
6.956
6 .892
6.828
5 .765
6.70L
6.639
6.574
6.511
6 .447
5.384
6 .320
6.256
6.193
6 .129
5 .066
5,002
5.939
5.875
5.811
5.748
s.684
5 .621
5.557
5.494
5.430
5.357
5 .303
5.239
5.176
5 .1L2
5.049

*
*
*
*
;
*
*
*
*
*
*
*
f

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
f

*
*
*
*
*
*
*
*
f
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



E,ime
(hr. )

48.90
49.00
49 .20
49 .40
49.60
49.80
50.00
50.20
50 .40
50.60
50.80
51.00
51.20
51.40
51.60
51. 80
s2.00
52 .24
52 .40
52.60
52 .80
53 .00
53.20
53 .40
53 .60
53 .80
54.00
54 .20
54.40
54.60
s4.80
55.00
55.20
55 .40
55.60
55 .80
55.00
55.20
56 .40
56 .60
56 .80
57 .00
57 .20
57 .40
57 .60
s? .80
58.00
58.20
58 .40
58 .60
58 .80
59.00
59 .20
59 .40
59 .60
59,80

0 .000
0.000
0.000
0. 000
0.000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0.000
0 .000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0.000
0.000
0 .000
0 .000
0.000
0. 000
0.000
0.000
0.000
0 .000
0 .000
0. 000
0 .000
0 .000
0 .000
0.000
0. 000
0.000
0,000
0 .000
0 .000
0.000
0.000
0-000
0 .000
0 .000
0.000
0 .000
0.000

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000

hydrograPh
(cfs)

4.985
4.953 *
4.890 *
+.826 *
4.753 *
4.699 *
4.536 *
4.572 *
4.508 *
4.445 *
4.381 *
4.318 *
4.254 *
4.191 *
4.L27 *
4.054 *
4.000 f
3.935 *
3.873 *
3,809 *
3.746 *
3.682 *
3 .619 *
3.555 *
3.491 *
3.428 *
3.354 *
3.301 *
1.237 *
3.L74 *
3 .1'10 *
3.O47 *
2.983 *
2.919 *
2.856 *
2.792 *
2 .729 *
2.565 *
2.602 *
2.538 *
2.474 *
2.4LL *
2.347 *
2 '284 *
2.220 *
2.t57 *
2.093 *
2.030 *
1.965 *
1.902 *
1.839 *
L.775 *
L.7t2 *
1.648 *

' 1.585 f
1.521 *

time
thr. )

49 .10
49.30
49.50
49 .70
49.90
s0.L0
50.30
50.50
50.70
50.90
51. L0
5L.30
51.50
51.70
51. 90
52 .10
s2.30
52 .50
52.70
52 .90
53 .10
s3.30
53 .50
53 .70
53 .90
54 .10
54.30
54.50
54 .10
54 .90
55.l-0
55.30
55.s0
55 .70
s5.90
56 .10
56.30
56.s0
55.70
56 .90
57 .10
5? .30
57.50
57 .70
5? .90
58 .10
58.30
58 .50
58 .70
58 .90
59 .10
59.30
s9 .50
59-?0
s9 .90

rainfall
(in. )

hydrograPh
(cfs)

4.922
4 .85fl
4.'t9,1
4 .737
4 .66',1

i'.'-11 |
i:ili I
4 -286 I4.222 |4.15e I4.0e5 |4.032 |3.e68 |
3. eos I
3-841 |3.777 |3.714 

|3.6s0 
|3.587 
|3.s23 
|3.460 
|

3.396
3 .333
3 .269
3 .205
3.L42
3 .078
3.015
2.951
2 .888
2 ,824
2.760
2 .697
2 .633
2.570
2,505
2.443
2.379
2,316
2.252
2.188
2.125
2.061
1.998
1.934
1,871
1.807
L .144
1,680
1.616
1.553
1.489



rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

hydrograPh
(cf s)

t .426
1.394
L.330
L.267
1.203
L.140
1. 075
r.013
0 .949
0 .885
0 .822
0.?58
0 .695
0.531
0.558
0.504
0 .443
0.390
0 .341-
0 .296
0.255
0 .2L7
0-184
0 .153
0 .126
0 .101
0 .079
0.061
0.044
0 .031
0 .019
0.011
0.004
0.001
0.000

Eime
(hr. )

60.30
60.50
60.?0
60 .90
61. L0
51.30
61,.50
61.70
51.90
62.L0
62.30
62 .50
62.70
62 .90
53 .10
63 .30
53.50
53 .70
53 .90
64. L0
64.30
64 .50
64.70
64 .90
65 .10
65.30
55 .50
65.70
65 .90
56.L0
66.30
56.s0
56.70

rainfall
(in. )

0.000
0 .000
0.000
0-000
0.000
0 .000
0.000
0 .000
0. 000
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0 .000
0.000
0 .000
0. 000
0.000
0.000
0.000
0.000

hydrograPh
(cfs)

1.362
L.299
L .235
1.171
1.108
1.044
0 .98L
0 .91?
0 .854
0 .790
0 .727
0 .663
0 .599
0 .536
0 .473
0 .416
0 .355
0 .3rB
0.275
0 .23s
0 .200
0 .168
0 .139
0-113
0 .090
0 .070
0.052
0 .037
0.02s
0 .015
0.007
0.002
0 .000

Eime
(hr. )

60 .10
50.20
60 .40
60.60
60.80
61.00
6L.20
51.40
61.60
61.80
62.00
62 -20
62 .4Q
52 .50
62.80
63.00
63.20
53 .40
63 .60
63 .80
54,00
64.20
64.40
EI.EC
64 .80
65.00
55 .20
65 .40
65.60
65 .80
56.00
66 .20
66 .40
65 .50
66 .80

*
*
*
*
*
r
*
*
*
*
*
*
*
*
f

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



ProjecE Title
WATERSHED HYDROGRAPH

= Combination of Deer Creek, Deer' and Elk

#L
Nu11

Inf low into st'larcture
St,riLrcEure tr]rPe:

Hydraulic length
eievation change
Concent,ratrion E'ime
Concent,ration time tr]rpe
Unit hYdrograPh trype

waEershed dat'a
Cunre number
Area

watershed data
Cur-re number
Area

f or wat,ershed Orl. 
o

= 2493.0 acres
= L8500.00 FeeL

= 2500.0 feeE -

= 5 .53 hours
= SCS UPland Currres
= Forested

Ilvdraulic length
eievation change
Concentrration time
Concentration trime EyPe

Unit hYdrograPh trlpe

f or waEershed Ortr. 
O

for wat,ershed # 3
76. 0

= f19.0 acres
= 4L00.00 Feet
= 1400.0 feet -

= 0.11 hours
= SCS UPIand Cur:rres

= Forested

watershed data
Curue number

rotal Area

SEorm data-Total PreciPiEation
Strorm trYPe
Peak Discharge
Discharge volume

Area
Hvdraulic length
nievat,ion change
ConcenErat,ion time
iott".tttratrion uime EyPe

Unit hYdrograPh type

= 452.0 acres
= ?200.00 Feetr

= 1800.0 feec -

= 0 .23 hours
= SCS UPIand Cunres

= 3064.0 acres

2 ,4 inches
SCs 6 hour desigR storm

time
(hr. )

0.00
0 .20
0 .40
0.60
0 .80
x. 00
L.20
1 ,40
1.60
1.80
2 .00

rainfall
(in. )
0.000
0.015
0 .015
0,023
0.023
0 .023
0 .02s
0 .025
0.046
0.046
0. 045

184.31 cfs
11? .11 acre ft

hydrograPh
(cf s)

0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.455 *
1.791 *
4.604 *
9.398 *

13.?95 t

Eime
(hr. )

0 .10
0.30
0 .50
0 .70
0.90
1.10
1.30
1.50
1.70
1.90
2 .10

rainfall
(in- )

0.015
0.015
0.015
0 .023
0.023
0.025
0.025
0 .025
0.046
0.046
0.179

hydrograPh
(cf s)
0. 000
0 .000
0. 000
0.000
0.000
0 .089
1. 053
2 .591
6 .984

11.693
33 .379



time
(hr, )

2 .L0
2 .20
2 .40
2.60
2 .80
3.00
3.20
3 .40
3.50
3 .80
4 .00
4 .20
4 .40
4.60
4.80
5.00
5 .20
5 .40
s .60
5 .80
6.00
6 .20
6 .40
6 .60
5.80
7.00
7 .20
7.40
7 .60
7 .80
8.00
8.20
I .40
I .60
I .80
9. 00
9.20
9.40
9,60
9.80

10.00
10 .20
10.40
10.60
10.80
11.00
11.20
11.40
11.60
11.80
12. 00
L2.20
12 .40
12.50
12 .80
13 .00

rainfal].
(in. )

0 . r-79
0 .179
0.179
0.048
0 .048
0 .048
0.038
0 .038
0.026
0. 026
0.026
0 ,024
0 .024
0 .019
0 .019
0 .019
0 .017
0.017
0. 019
0.019
0. 019
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0. 000
0.000
0 .000
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0.000
0 .000
0 .000
0.000
0. 000
0,000
0 .000
0.000
0.000
0.000

hydrograph
(cfs)

33 ,3 79
62 .4L9

140.971
1-84 .312
153 .587
LAL .7 6t
L33 .7 47
r34 .133
1-32.078
L24.LzL
L?0.235
115,190
:-LA .779
114.001
111.7L2
111.374
L10 .405
110.375
LLa.L25
L15.937
119 .428
103 .370
89.904
83 .029
79 .883
77.622
75.581
73.739
72 .096
70 .653
69 .451
68 .405
67.349
66 .277
65 .188
64 .07 6
62.942
51.793
60.650
59 . s07
58 .363
57 .220
56 .077
54.933
53 .790
s2 .647
5L.503
50 .3 60
49 .2L7
48.073
46.930
45,787
44 .643
4,3 . s00
42 .357
4L.2L4

E,ime
(hr. )

2.30
2 .50
2.70
2.90
3 .10
3.30
3.50
3.70
3 ,90
4 .10
4.30
4.50
4.70
4 .90
5 .10
5.30
5.50
5.70
5.90
6. L0
5.30
6 .50
6.70
6.90
7.10
7.30
7 .50
7 .7Q
7.94
I .10
8.30
I.s0
8.70
I .90
9 .10
9 .30
9.s0
9.70
9 .90

L0 .10
10.30
10.50
10.70
10.90
lX.10
11.30
11.50
11.70
Lx.90
12 .10
12.30
12.s0
12 .70
12.90
13 .10

rainfall
(in. )

0.L79
0 .179
0 .048
0 .048
0.038
0 .038
0.038
0 .026
0 .025
0 .024
0.024
0.024
0. 019
0.019
0 .017
0 .017
0 .017
0.019
0.019
0.000
0 .000
0 .000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0 .000
0 ,000
0 .000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0. 000
0.000
0.000
0.000
0 .000

hydrograph
(cfs)

99 .509
183 .533
167.014
145.034
136.948
133 .617
135.230
127.503
L21,.729
118 .082
115.183
114.985
112 .578
111.324
110 .917
110 .268
110. ?35
114,044
LL? .748
113 .02r
95.640
85.960
81. r.03
78 .724
76.576
74.635
72 .893
7L.352
70 .030
68 .927
67.879
66. 81s
65 .73s
64.63s
63 .512
52 .3 65
6L.222
50 .078
58.935
57 .792
s6.648
55.50s
54.362
53 .218
52.075
50 .932
49.788
48.545
4? .502
45.358
45 .2L5
44 ,072
42,92t
41.78!
40 .64i

*
*
*
*
*
*
*
*
*
*
*
f

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



E,ime
(hr. )

13.30
13.40
13.50
L3.80
r,4.00
14.20
14 .40
14 .60
L4.80
15.00
15.20
15 .40
15.60
15.80
15. 00
L5 .20
16 .40
16 .50
15.80
17.00
17 .20
17 .40
17 .60
17.80
18.00
18.20
18 .40
18 .60
18.80
19.00
19.20
19 .40
19.60
r.9.80
20.00
20 .20
20 .40
20.60
20.80
21.00
21.20
2L.40
21.60
21. 80
22.00
22.20
22 .40
22 .60
22.80
23.00
23 .20
23 .40
23.60
23.80
24 .0o
24.20

rainfall
(in. )

0.000
0.000
0 .000
0 .000
0 .000
0 .000
0.000
0.000
0.000
0 .000
0.000
0.000
0 .000
0 .000
0 .000
0 .000
0.000
0.000
0 .000
0 .000
0.000
0 .000
0.000
0.000
0.000
0. 000
0 ,000
0 .000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0 .000
0.000
0,000
0 ,000
0.000
0.000
0. 000

hydrograph
(cfs)

39.499
38.927
37 .784
35.640
35 .497
34 .354
33 .2L0
32 .067
30.924
29.780
28 .637
27 .494
26.350
25.207
24 .064
22 .964
2L.994
2L.090
2A.255
L9 .487
18 .784
18 . L47
L7 . s50
L7 .027
15 .543
L6 .109
L5 .724
15 .3 83
15 .085
L4 .828
L4 .612
14.439
14 .312
14 .233
r.4. L70
14,106
14.043
13.979
13 .916
13 .852
x3 .788
13.725
13 .661
13 .598
13 .534
13 .471
13.407
13 .343
13 .280
13 .216
13.153
13,089
13. Q26
L2,962
12.899
12 .835

E,ime
(hr. )

13.50
L3.70
13.90
14 .10
14.30
L4.50
L4.70
14.90
L5 .10
15.30
15.50
15 .70
1-5.90
16.1-0
r-6.30
16.s0
16.70
16 .90
17 .10
r-7.30
17 .50
L7.70
17.90
18 .10
18.30
18 .50
18.70
18 .90
19.10
19.30
19.50
19 .70
19 .90
20.10
20.30
20.50
20.70
20.90
21.10
2X.30
21. s0
21.70
21.90
22.LO
22 .30
22.s0
22.70
22.90
23 .10
23.30
23 .50
23.70
23 .90
24.LO
24.30

rainfall
(in. )

0.000
0.000
0 .000
0 .000
0.000
0 .000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0 .000
0.000
0.000
0.000
0.000
0. 000
0. 000
0 .000
0.000
0.000
0 ,000
0.000
0.000
0. 000
0 .000
0.000
0.000
0 .000
0 .000
0.000
0. 000
0 .000
0 .000
0. 000
0. 000
0.000
0.000
0. 000
0 .000
0.000
0.000
0.000
0.000
0. 000
0-000
0. 000
0. 000
0.000
0 .000
0 .000

hydrograph
(cfs)

38.3s5
37 .2L2
36. 069
3+.925
33 .782
32 .539
31 - 495
3 0 ,3s2
29.209
28 .065
26 .922
25 .779
24.635
23 .501
22.+70
21.534
20 .664
19.853
L9 . L27
18 .459
L7 .8+7
L7 .287
16.779
L6 .320
15.91L
15 .548
L5.228
14.951
L4,7L5
14 .520

. L4.370
L4 .267
L4.202
14. r.38
L4 . Q74
14.011-
13 .947
13 .884
13.820
L3.757
13 .693
13.630
13 .566
13 . s02
13.439
13.37s
13.312
13 .248
13.185
13 . L21
13.057
L2 .994
12.930
12 .867
12 .803

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
i
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



time
(hr. )

24.50
24,60
24.80
25.00
25.20
25 .40
25,50
25.80
25.00
26.20
26 .40
26.60
25.80
27.00
27.20
27.40
27.64
27 .80
28. 00
29.20
28 -40
28.60
28.80
29. 00
29 .29
29 .40
29 .60
29 .80
30.00
30.20
30.40
30. 60
30.80
31. 00
31.20
31. 40
31.50
31.80
32.00
32 .20
32 .40
32 .50
32,80
33 .00
33 .20
33 .40
33 .60
33 .80
34. 00
34 .20
3{.40
34 .60
34 .80
35 .00
35 .20
35 .40

rainfall
(in. )

0.000
0 .000
0.000
0.000
0.000
0. 000
0 .000
0 .000
0.000
0. 000
0.000
0.000
0,000
0.000
0.000
0 .000
0.000
0 .000
0.000
0.000
0.000
0,000
0,000
0.000
0 .000
0,000
0.000
0.000
0. 000
0 .000
0 .000
0.000
0.000
0 .000
0 .000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000

hydrograph
(cfs)

L2 .7 +0
12.708
L2 .6+4
12.581
L2 .5L7
L2 .454
12.390
L2 .327
L2.263
12 .199
12. 136
L2 .072
12.009
11.945
11. 882
11.818
11.754
r1.691
LL,627
11.554
r].,500
11.437
11.373
11.310
LL.245
11,182
11.119
11.055
L0.992
10 .928
10. 865
10.801
L0.737
L0.674
10.610
10.547
10 .483
10 .420
10.356
10.293
t0.229
10.165
10.102
10.038
9.975
9.911
9.848
9,784
I .720
9.657
9.593
9 .530
I .466
9 .403
9.339
9.276

Eime
(hr. )

24.70
24.90
25 .3-0
25.30
25.s0
25.70
25 .90
26,L0
26.30
25. s0
26.70
26.90
27.L0
27 .30
27.50
27.70
27 .90
28.L0
28.30
28 .50
28.70
28 .90
29.10
29.30
29 .50
29.74
29.90
30.10
30.30
30. s0
30 .70
30.90
31.10
31.30
31.50
31.70
31.90
32 .10
32.30
32 .50
32.70
32.90
33 .10
33.30
33.s0
33 .70
33 .90
34 .10
34.30
34. s0
34,70
34.90
35,10
35 .30
3s.s0

rainfall
(in. )

0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0. 000
0. 000
0.000
0 .000
0.000
0 .000
0 .000
0 .000
0,000
0.000
0 .000
0. 000
0.000
0.000
0.000
0.000
0. 000
0 ,000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000

hydrograph
(cfs)

L2 .67 6
L2.51,3
L2 .5+9
12 .485
L2.422
12.358
L2.295
L2.23t
12.158
12.104
12.040
Lt.977
11.913
11.850
11.785
].L.723
11.559
11. s96
11.532
11.468
11.405
11.341
LL.278
11.214
11.151
11. 087
11. 023
10 .960
10.895
10.833

' 10 .769
r0 .706
10.642
10.579
10 .515
10 .451
10 .388
10 .324
10.261
10.197
1.0 .134
10.070
10.007

9.943
9.879
9 ,815
I .752
9.689
9 .625
9.562
9 .498
9 .434
9.371
9.307
I .244

*
*
*
*
*
*
*
*
*
*
*
*
*
i
*
*
f

*
t
*
*
*
*
f

*
*
*
*
*
*
f

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



E,ime
(hr. )

35.70
35.80
36.00
36.20
36 .40
36.60
36.80
37 .00
37 .20
37 .40
37 .60
37.80
38.00
38.20
38 .40
38 .60
38.80
39.00
39.20
39 .40
39 .60
39.80
40 .00
40.20
40 .40
40.60
40.80
41,00
4X.20
41.40
41.60
41. 80
42.00
42.20
42,+0
42 .60
42.80
43 .00
43.20
43 -40
43 .60
43 .80
44.00
44.20
44.40
44.60
44.80
45 .00
45 .20
45 .40
45.50
{5 .80
46. 00
46 .20
46.40
45.60

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0. 000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0 .000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0. 000
0,000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0,000
0 .000
0 .000
0.000

hydrograPh
(cfs)

9 .180
9. L48
9 .085
9.021
I .958
I .894
8.831
8.767
8.703
I .640
8.576
I .513
I .449
I .386
8.322
I .259
I .195
8.131
I .068
8.004
7 -94L
7 .877
7.814
7 .7Eq
7.687
7.623
7 .559
7.496
7.432
7 .369
7 .305
7 .242
7.L78
7 .LL4
7.051
6 .987

. 6.924
6 .860
6.797
5.733
6 .670
5.605
6.542
6.479
5.415
6.352
6 .288
6 ,225
6.161
5.097
6,034
5 .970

'5 .907
5 .843
5 .780
5 .715

t,ime
(hr. )

35 .90
36.10
35.30
36.50
35 ,70
36.90
37. L0
37.30
37.s0
37 .70
37 .90
38 .10
38.30
38. s0
38.70
38 .90
39.10
39.30
39. s0
39.70
39 .90
40 .10
40.30
40 .50
40.?0
40 .90
41.10
41.3 0
41.50
4L.70
41.90
42.10
42.30
42 .50
42.70
42 .90
43.10
43 .30
43 .50
43 .70
43 .90
44.10
44 .30
44.50
44.70
44 .90
{5 .10
45 .30
45 .50
45.70
45 .90
46.10
45.30
46 .50
46 .70

rainfall
(in. )

0,000
0.000
0.000
0 .000
0 .000
0 .000
0 .000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0,000
0.000
0 .000
0 .000
0.000
0. 000
0 .000
0,000
0 .000
0 .000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0. 000
0.000
0.000
0. 000
0,000
0.000
0.000
0.000
0. 000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0. 000
0,000
0.000
0,000

hydrograph
(cf s)

9 .1L7
9 .0s3
I .990
I .926
I .862
I .799
I .735
I .672
I .608
I .545
I .481
8,4L7
8.354
I .290
8.227
I .163
8.100
8.036
7.973
7 .909
?.845
7 .782
7 .7L8
7 .655
7 .591
7 .szg
7 .464
7 -400
7 .337
7 .273

. 7.210
7 .L46
7 .083
7 .019
6 .956
5 .892
6.828
6.755
6. ?01
6.638
6.5',14
6'511
6.447
6.384
6 .320
6.255
6.193
6 .L29
6.066
5 .002
5 .939
5 .875
5.811
5 .748
5,684

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



eime
(hr. )

46.90
47 ,00
47 .20
47 .40
47.60
47 .80
48 .00
48.20
48 .40
48 .60
48.80
49. 00
49.20
49 .40
49.60
49.80
50.00
s0.20
50.40
50.60
50.80
51. 00
51.20
51.40
51.60
51.80
52.00
52 .20
52 .40
s2,60
52 .80
53 .00
53.20
53 .40
53 .60
53 .80
54 .00
54 .20
54.40
54.60
54. 80
55.00
55 .20
55 .40
55.60
55 .80
56.00
56 .20
56 .40
56 .60
55 .80
57.00
57.20
57 .40
57 .60
57.80

rainfall
(in. )

0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0 .000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0,000
0 .000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0,000
0.000
0.000
0,000
0 .000
0.000
0 .000
0.000

hydrograph
(cfs)

5 .521
s .589
5 .525
5 .462
5.399
5 .335
5.27t
5.208
5.L44
5.080
5.017
4.953
4.890
4.826
4.753
4.699
4 .536
4.572
4.508
+ .445
4.381
4 .3 r.8
4.254
4 . r-91
4.L27
4 .064
4.000
3 .935
3 .873
3 .809
3.?45
3 .682
3 .619
3 .555
3 .491
3 .428
3.354
3.301
3.237
3 . r.74
3.110
3 .04?
2.983
2.glg
2.856
2.792
2.729
2.665
2 .602
2 .538
.2.474
2,4L1
2.347
2.284
2.220
2,L5?

Eime
(hr. )

47 .L0
47.30
47 .5Q
47.70
47 .90
48 .10
48.30
48.50
48 .70
48.90
49 .10
49.30
49.50
49.70
49.90
50.1,0
s0.30
50 .50
50.70
50 .90
51.10
51.30
51.50
51.70
51.90
52 .10
52.30
52 .50
52.70
52.90
53. L0
53.30
53.s0
53 .70
53 .90
54.10
54.30
54.50
54.70
54.90
55.10
55.30
55 .50
55 .70
55.90
55.10
55.30
56.s0
56.70
56 .90
57 .10
5? .30
s7. s0
57 .70
57 .90

rainfall
(in. )

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0 .000
0 .000
0 .000
0 .000
0 .000
0 .000
0 .000
0.000
0.000
0 .000
0.000
0 .000
0 .000
0.000
0 .000
0 .000
0 .000
0 .000
0.000
0 .000
0 .000
0.000
0 .000
0.000
0.000
0, 000
0.000
0,000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0, 000
0.000
0.000
0.000
0,000

hydrograph
(cfs)

5 .557
5 .494
5 .430
5 .367
5.303
5 .239
5 .176
5 .112
5 .049
4 .985
4.922
4.858
4 .794
4 .73L
4 .667
4 .604
4 .540
4.477
4.413
4.350
4.286
4.2?'2
4.159
4.095
4.032
3 .958
3 .90s
3 .841
3 .777
3 .714. 3.650
3 .58?
3 ,523
3 .450
3 .396
3 .333
3 .269
3 ,205
3.L42
3 .078
3.01s
2.951
2.ggg
2 .824
2,760
2 .697
2.633
2 .570
2 .505
2.443
2,379
2 .315
2.2s2
2 . t-88
2.L?5



t,ime
(hr. )

58 .10
58.20
58.40
58 .60
s8.80
59.00
s9.20
59 .40
s9 .60
59.80
50-00
60.20
60 .40
60.50
50 .80
61. 00
61.20
61.40
51.60
61.80
62.00
62, .20
62 .40
62 .60
62.80
53.00
63 .20
63 .40
63.60
63.80
54. 00
64 .20
64 .44
64.60
54.80
65,00
65.20
65 .40
65 .60
65,80
65.00
66.20
66 .40
66.60
55.80

rainfall
(in. )

0 .000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0 .000
0.000
0. 000
0.000
0.000
0.000
0. 000
0.000
0.000
0 .000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 .000
0 .000
0.000
0 .000
0.000
0. 000
0,000
0.000
0.000
0.000
0.000
0 .000
0.000

hydrograph
(cfs)

2 .061-
2.030
r.966
L.902
1.839
L.775
t.7]-2
1.648
L ,585
L.52L
L .457
1.394
1.33 0
L.267
1.203
1.1-40
1. 076
r.. 013
0 .949
0 .885
0 .822
0 .758
0 .695
0 .531
0. s68
0 .504
0 .443
0 .390
0.341
0 .295
0 .255
0 .2L7
0.1-84
0 .153
0 ,126
0.L01
0.079
0. 061
0.044
0.031
0.019
0.011
0.004
0.001
0 .000

t ime
(hr. )

58.30
58.50
58. ?0
s8.90
59 .1-0
59.30
59. s0
59.70
59 .90
60 .10
60 .30
60.50
60.70
50.90
61. L0
61.30
61.50
61.70
61.90
62 .10
62.30
62.50
62 .1C
62 .90
63.L0
63.30
63 .50
63 .70
63 .90
54.1,0
64.30
64 .50
64.70
64. 90
55.10
65 .30
65.s0
55 .70
65 .90
66.10
56.30
56.50
66,70

rainfall
(in. )

0.000
0.000
0 .000
0. 000
0.000
0.000
0.000
0.000
0.000
0 .000
0. 000
0 ,000
0 .000
0. 000
0.000
0.000
0 .000
0.000
0.000
0.000
0 .000
0.000
0. 000
0.000
0.000
0 .000
0. 000
0.000
0.000
0.000
0.000
0,000
0,000
0 .000
0. 000
0. 000
0.000
0.000
0,000
0.000
0.000
0 .000
0.000

hydrograph
(cfs)

1.998
1.934
1.871
1.807
L.744
1.680
1.516
1.553
1.489
L.4?6
L.362
1.299
x.235
1.171
1.108
1.044
0.981
0.917
0 .854
0.790
o ,727
0 .563
0,599
0 .535
0 .473
0 .416
0.365
0.318
o .275
0 .235' 0.200
0.168
0 . r.39
0.113
0 .090
0.070
0.052
0.037
0.025
0.015
0.007
0.002
0 .000

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
lc

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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Deer Creek Mine
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Mining and Reclamation Plan

Appendix R645-30 1 -700-B

Final Rec-lamation Hydqplogy Map: Dr.awing DS- t T80-D. (5 drawings)

Typical Qhannellesigq.Figureq: Figures 7:lA thru 7-4A
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I

t

Transition Location: Deer Creek Drainage - Station 8+60

Transition Slopes: 1,0Yo ta 2o/o

Flow (Q) :65.03 cfs

Assume jump occurs down stream. Use equation 10 in R645-301-700:Hydrology

find I/:
V=Q/A,A-by+Zj,]

where b = base of channel
Z = ratio of side slope
y : depth of channel

6s.03

r o(r.r B) + z(t.t s)'
4.46ft I s

Therefore,

V-

v=

118 [
lz= ? l-l+1L

lz = 0.75ft.

Sequent depth or bottom ofjump is equal to 0.75 ft. Since this value is > upstream depth (0.65

ft.), jump occurs down stream.

Location ofjump with respect to transition point.

Specific Energy of upstream Eu.u, - 1.88/.

Find Specific Energy at I:.'

8V'1l+-l
Wr)



trL 0.75 -

Eo.r, = 0.75 +

Eor, = l.63ft.

t0(0.75) + z{0.7s)'z

65.03

V2
v+ 

-'2g

(
\ )'

64.4

Now find slope aty,
( \'( -la"luo.zs-l ll
\ uARt J

( 6s.03 * o.o4o ) '=[

= 0.073 ft.l ft
Therefore, the location of the jump from the point of charurel transition is:

Eo.rr-Eo,, , Z ,So.rr+,So.u,

s"-.s 2

1.63 - 1.88

o*-[

Ax=

sot

Ax=
(o.oz: - o.ro)

Ax = 3.l6ft. Down stream

Basin design parameters:
Bottom width - widen channel to 15 ft.
Channel depth - 2.5 ft. * channel deepened to increase turbulent energy dissipation. Freeboard is

1.32 ft.
Length of Basin - 10 ft. * See tlpical design on Figure 7-3A

Transition Location: Deer Drainage - Station 2+43

Transition Slopes: ?LVo to 3o/o

Flow (Q) : 84.83 cfs

Assume jump occurs down stream. Use equation 10 in R645-301-700:Hydrology



I 1[
-l 

1 r

2I_ IT
lr=
!r

frnd V.

Y-Q/A,A:by+Zf
where b - base of channel
Z: ratio of side slope
y - depth of channel

fl=
84.83

t s(o.ee) + z(o.ee)'
tr/ = 5.05ft I s

Therefore,

0.ee I
lz= 1l-1*bL

lz = 0.84ft.

Sequent depth or bottom ofjump is equal to 0.84 ft. Since this value is > upstream depth (0.65
ft.), jump occurs down stream.

Location ofjump with respect to transition point.

Specific Energy of upstream Eu,ro - 2.7 5 ft.

Find Specific Energy at 1tr:

Eo.ro = -P *

= 0.84 +

= l.4lft.

ts(o.s+) + 2(0.84)'z

64.4

Now find slope at y,

V2

4
(
t

84.83 12

)
Eo.ro

E o.ro

( 1zI On I

-l-l-l zl
\ u,eni )

gvz

8!z

(:z.zXo.sg)

so.r,



( 84.83 * 0.046 ) '- [ t.+g * 14.0 t* q.Gglt )

= o.aszft./ ft
Therefore, the location of the iump from the point of channel transition is:

tr tr e rC
A.r = 

!0.84 !0.65 
v:here 3; _ do.s+ T do.os

,S"-,S 2

SO,

Ax=
1.41 - 2.7 5

o03- 
[

(o.os ))-)
0.212-

2

Ax = 1,2.3ft. Down stream

Basin design parameters;
Bottom width - channel remains at 15 ft.
Channel depth - 2.5 ft. * channel deepened to increase turbulent energy dissipation. Freeboard is
1.51 ft.
Length of Basin - 20 ft. * See typical desiex on Fisure T-3A
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Slope Profile Locations Used in Calculating RUSL-E Factors: Drawing DS-1795-D

RUSLE Input Parantele-rs for Soil Loss Calcul-atipns: 3.5" Flwpy Disk
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Channel Desigu Results for thg. D.per Creek Mine Drainages



Deer creek canyon channel Design



Deer Creek 0+00 - 7+28
Worksheet for Trapezoidal Channel

Project File

Worksheet
Flow Element
Method
Solve For

Deer Creek 0+00 -7+28
Trapezoidal Channel
Manning's Formula

,'.\en-rironmental\permits\dcmine\r645-301-70O\channel design\dcdraina.ftt2

Input Data

Channel

0.040
0.250000 ftift
2.000000 H :V
2.000000 H : V

10.00 ft
65.03 cfs

0.52
5.80

12.35
12.10

1.02
0.025s22 ft/ft

11.?2
1.96
2.48
2.86

Heciled Methorts, Inc. 37 Erooltsitle Road Watorbury, CT 06708 (203) 755-1568

ft
ft,
ft
fi
ft

fUs

ft
ft

Mannings Coefficient
Channel Slope
Left Side Slope
Right Side Slope
Bottom Wdth
Discharqe

Results
Depth
Flow Area
t/Uatted Perimeter
Top Width
Critical Depth

Critical Slope
Velocity
Velocity Head

$pecific Energy
Froude Number
Florru is supercritical.

o8/1 troo
11:21:12 AM

Fbrr{$asasr v5.l
Ptge 1 ofl

llrl
;



Deer Creek 7+28 - 8+60

Worksheet for Trapezoidal Channel

Project File
l/llorksheet
Flow Element
Method

Solve For

han nel design\dcdraina'fmZ

Deer Creek 7+28 - 8+€0

Trapezoidal Channel

Manning's Formula

Channel

ft
flf
fr
ft
ft

lnputData . --

Channel SloPe 0.100000 fUft

Left Side SloPe

Right Side SloPe

Bottom Wdth

2.000000 H : V
2.000000 H : V
10.00 ft

-Dischafpe 65.03 cfs

Results

Depth
Flow Area

Top Wdth
Critical DePth

Critical SloPe

VelocitY

0.020673 ftlft
8.gg ft/s

0.65
7.29

Wetted Perimeter 12.89
12.58

1.02

Velocity Head 1-24 ft

Specific Energy 1-88 ft

Froude Number 2.07

Flow is suPercritical.

FbwMaater vf
Peget co8/11/OO

11:22:05 AM H6€stad Methods, Inc. 37 Brooksi{te Road waterbury, cT 0670S (2O3) 755-18€6



Deer Creek 8+60 - t g+93

Worksheet for Trapezoidal Channel

Project File

Worksheet
Flow Element
Method
Solve For

Deer Creek 8+60 - 13+93

Trapezoidal Channel
Manning's Formula

V645-30 1 -700\channel desig n\dcdraina'fm2

Channel

Inpgt Data
Mannings Coefficient 0-046

Channel Slope 0.020000 fUft

Left Side SloPe

Right Side Slope
Bottom Wdth

2.000000 H : V
2.000000 H : V
10.00 ft

Discharge 65.03 cfs

1.18 ft
14.65 ft8

15.30 ft
14.74 fr

1.02 ft
0.033753 ft/ft
4.4 ft/s
0.31 ft

1.49 ft
0.78

Results
Depth
Flow Area
l/htted Perimeter
Top \rVidth

Critical Depth

Critical Slope
Velocity
Velocify Head

Specific EnergY

Froude Number
Flow is subcritical.

08fll/oo
It:49:03 AM

Flor*illaater v5.l
Peole 1 of'

Haaetad M€thods, Inc. 37 Broolrsa(te Road welsrbury, cT os7o8 (2O3) 755-1G66



Deer Creek 13+93 - 16+10

Worksheet for Trapezoidal Channel

Project File

V\Iorksheet
Flow Element
Method
Solve For

Deer Creek 13+93 - 16+10

Trapezoidal Channel
Manning's Formula

@rmitstdcmine\r645.301.700\channe|design\dcdraina.fm2

Input Data

Channel

0.039
0.120000 ftift
2.000000 H : V

2.000000 H :V
10.00 ft

103.38 cfs

0.84 fr
9.81 ft"

13.76 ft
13.36 fr

1.36 ft
0.022s47 ft/ft

10.54 fr/s

1.73 fi
2.57 fr

2.17

Mannings Coefficient
Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

Results

Depth
Florr Area
lrv€tted Perimeter
Top Wdth
Gritical Depth

Gritical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow is supercritical.

oSrl 1/o0
11:50:17 AM Hecstad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (2O3) 755-1666



Deer Creek 16+1 O - 20+72

Worksheet for Trapezoidal Channel

Project File

Worksheet
Flow Element
Method

Solve For

Deer Creek 16+1 O - 20+72

Trapezoidal Channel
Manning's Formula

5-30 1 -700\chan nel design\dcdraina'fmZ

Channel

Input Data

Mannings Coeffrcient 0.041

Channel Slope
Left Side Slope
Right Side Slope
Bottom Wdth

0.180000 ftift
2.000000 H : V
2.000000 H :V
10.00 ft

Discharge , ,103-38 .cfs

Results
Depth
Flon Area

Top \ttJidth

Critical Depth

Critical Slope

0.77
8.87

ft
fF
ft
fi
ft

Wetted Perimeter 13.4
13.07

1.36

0.024919 fi/ft

Velocity 11.66 ft/s

Velocity Head 2.11 ft
Specific EnergY 2.88 ft

Froude Number 2.50

Flow, is supercritical.

Flowfllaeler v5.1
08flr/oo
I 1:51:47 AM He€stad Methods, Inc' 37 Broo|tsEe Road Waterbury, cT 06708 (203) 755.1868 Pege 1 of 1



Deer Creek 20+72 - 23+34

Worksheet for Trapezoidal Channel

Project File

Worksheet
Flow Element
Method
Solve For

Deer Creek 2A+72 - 23+34

Trapezoidal Channel
Manning's Formula

00\chan nel design\dcdraina'fm2

Channel De

ft
ff
fi
fi
ft

Input Data .

-lvlannings 
Coefficient 0.041

Channel SloPe

Left Side Slope
Right Side SloPe

Bottom Width

0.220000 fuft

2.000000 H :V
2.000000 H : V

10.00 ft

Discharge - 103.38 cfs 
..

Results
Depth
Flow Area

0.73
8.30

\l\hfied Perimeter 13.24

Top Wdth 12.90

Critical DePth 1.36

Critical Slope 0.02491s fifft

Velocity 12.45 ft/s

VelocitY Head 2.41 ft

Specific EnergY 3.13 ft

Froude Number 2-74

Florr is suPercritical-..---'a--24

Flowtrlaster v5-1
Pagc I ofo8fi1/OO

11:52:3OAM Haestacl Methods' lnc' 37 Brooltskte Roarl Wet€rbury, CT 0e7OA (2031755-16€6



Deer Creek 23+34 - 25+44

Worksheet for Trapezoidal Channel

Description

Prcject File

Worksheet
Flow Element
Method
Solve For

0 1 -7OO\channel design\dcdraina'fm2

Deer Creek 23+34 - 25+44

Trapezoidal Channel
Manning's Formula
Channel

lnput Data

Mannings Coefiicient 0.044

Channel SloPe 0-200000 fUft

ft
ff
ft
ft
ft

Left Side SloPe

Right Side SIoPe

Bottom Wdth

2.000000 H : V

2.000000 H : V
10.00 ft

Discharge- 184.31 cfs

Results
Depth
Flow Area

1.08
13.20

VtFtted Perimeter 14.85

Top Width 14.34

Critical Depth 1.92

CriticalSlope 0.026336 ft/ft

Velocity 13.96 ft/s

Velocity Head 3.03 fi
Specific EnergY

Froude Number
Flow is supercritical.. --:

4.11 ft

".57

o8n1/O0
1t:53:0O AM Ha€stad M€thods' Inc' 37 Brookside Road Waterbury, CT 06708 (2Og) 755-1666

Flowileater v5.
Page r of



Deer Creek 25+44 - 32+00

Worksheet for Trapezoidal Channel

Descnption

Project File

Worksheet
Flow Element
Method
Solve For

5-30 1 -70O\chan nel design\dcdraina'fm2

Deer Creek 25+44 - 32+00

Trapezoidal Channel
Manning's Formula
Channel

Input Data

Mannings Coefficient
Channel Slope
Left Side SloPe

Right Side Slope

Boftom Wdth

0.037
0.060000 fuft
2.000000 H : V
2.000000 H : V

15.00

Dischafge .,,. 184.31 cfs 
,

Results

l/Vetted Perimeter 19.99

Depth
Flon Area

Top \Mdth
Critical Depth

Critical Slope
Velocity
Velocity Head

Specific Energy

Froude Number

1.12
19.23

19.46
1.56

ft
ft,

ft/s
ft
ft

0.018990 ft/ft
9.59
1.43
2.54
1.70

Flow is supercntical.
-,a-

oSrt 1/oo
11:55:56 AM Haestad M€thods. Inc. 37 Broottsicle Roacl watefiury, cT 06708 (203) 755-166€



Deer Canyon Channel Design



Deer CanYon 0+00 - 2+43

Worksheet for Trapezoidal Channel

Proiect File

V\lorksheet
Flow Element

Method
Solve For

Deer Canyon 0+00 - 2+43
Trapezoidal Channel
Manning's Formula
Channel Depth

5-30 1 -700\chan nel design\dcdrai na'fm2

Input Data

ft
fl3

ft
ft
ft

Mannings Coefficient
Channel SloPe

Left Side SloPe

Right Side SloPe

Bottom Wdth

0.040

0.210000 fuft

2.000000 H : V
2.000000 H : V

10.00 ft

Discharqe 84.83 cfs
----'---J-t a-

Results

Vtletted Perimeter 12.89

Top Width 12.58

Critical Depth 1.20

Depth
Flow Area

Critical Slope
Velocity
Velocity Head

Specific EnergY

0.65
7.29

0,024459 fuft
1 1.64 ft/s
2.11 fi
2.75 ft

Froude Number 2.70

Jlow is suPercritical.

opl1/oo
l1:14:414M

FHHatar 6l
Page i ol

Haestad Methods, Inc. 37 Brooksirle Road Waterbury, CT 0e7o8 (203) 755-1666



Deer Canyon 2+43 - 8+29
Worksheet for Trapezoidal ChannelI

Project File

Worksheet
Flow Element
Method

Solve For

Deer Canyon 2+43 - 8+29
Trapezoidal Channel
Manning's Formula
Channel Depth

j:\environmentat\permits\dcmine\r645-301-70O\channel design\dcdraina.fm2

Input Datra

Mannings Coefficient
Channel Slope
Left Side Slope
Right Side Slope
Boftom Vvidth

Discharge

0.046
0.030000 fuft
2.000000 H : V
2.000000 H : V
15.00 ft
84.83 c'fs

Results

Depth
Flor Area
VtJetted Perimeter
Top \flidth
Critical Depth

Critical Slope
Velocity
Velocity Head

Specific Energy

Froude Number
Flow is subcritical.

0.033490 ft/ft

0.99
16.74
19.41

18.94
0.95

5.07
0.40
1.39

0.95

fl/s
ft
ft

ft
fte

ft
ft
ft

08111/O0
11:19:tl AM Ha€$tad Methods, Inc. 37 BmokskJe Road Wetsrbury, CT 06708 (2O3) 755-f 666
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I Elk Canyon Channel Design
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Elk CanYon 0+00 - 4+00

Worksheet for Trapezoidal Channel

Description

Project File

Vllbrksheet
Flow Element
Method
Solve For

hannel design\dcdrai na'fmZ

ElkCanYon0-4+00
Trapezoidal Channel

Manning's Formula

Channel

ft
fr,
ft
ft
ft

lnputData - -.Manningscoeffio
Channel SloPe 0'050000 fUft

Left Side SloPe

Right Side SloPe

Bottom Width

2.000000 H :V
2.000000 H : V

10.00 ft

Discharge 94.4 cfs

Results
Depth
Flortr Area

Top Width
Critical DePth

Critical SloPe

1.13

13.83

Wbtted Perimeter 15.05
14.51

1.28

0.031809 ft/ft

Velocity 6.83 fils

VefocitY Head 0.72 ft

Specific EnergY

Froude Number
Flow is suPercritical.

--4

Hacstad Methods, InG 37 Broottside Road waterbury, cT06708 (2OO) 755-16€6

1.85 ft
1.23

08n1/OO
l1:58:28 AM

Flourilastsr v5.
Pegc I ol



Elk Canyon 4+09 - $+48
Worksheet for Trapezoidal Channel

Project File

Worksheet
Flow Element
Method
Solve For

Elk Canyon 4+00 - 6+48

Trapezoidal Channel
Manning's Formula
Channel Depth

in e\r645-30 1 -700\chan nel desi g n\dcdraina'fm2

lnput Data

Mannings Coefficient
Channel Slope
Lefi Side Slope
Right Side Slope
Bottom Width
Discharge

0.040

0.170000 fuft
2.000000 H :V
2.000000 H : V
10.00 ft
94.M cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth

Critical Slope
Velocity
Velocity Head

Specific Energy

Froude Number

0.73 ft
8.38 ftt
13.27 ft

12.92 ft
1.28 ft
0.024052 ftlft
11.27 fi/s
1.97 ft

2.71 ft
2.47

Flow is suoercritical.

08rl 1/00
11:$7:O4 AM Haeetad Methods' Inc. 37 Brooltside Road Waterbury, CT 06708 (2Og) 755'1666



Elk CanYon 6+49 - $+63

Worksheet for Trapezoidal Ghannel

I
nel design\dcdraina'fm2

Proiect File

V\Jorksheet

Flow Element
Method

Solve For

Elk Canyon 6+48 - 8+63

Trapezoidal Channel

Manning's Formula

Channel DePth

ft
fta

ft
ft
fi

Input Data

Mannmgs Goefficient 0'041

Channel SloPe 0'240000 fUft

Left Side SloPe 2'000000 H : V

Right Side SloPe 2'000000 H : V

Bottom Width 10'00 ft

Discharge 94'44 cfs

Results
Depth

Floutt Area
VUetted Perimeter
Top l/\fidth

Critical Depth

Gritical Slope

Velocity
VelocitY Head

Specific EnergY

Froude Number

0.025270 ft/ft

12.42 ft/s

2.40 ft
3.07 ft
2.83

0.67
7.60

13.00
12.68

1.28

Flow is supercritical.=--:-4

flowtlaster v5.1

Peg€ 1 of
otyr 1/oo
11:57:38 AM Hacstad Methods. |nc 37 Bmokskta Road w8t€tuu]y' cT osTos (2OOl755-16{16



PACIFICORP

EI\ERGYWEST MII\IITG

Deer Creek Mine
ACT/015/018

Mining and Reclamation Plan

Appendix R645-30 1 -700-E

Riprap Gradatiw Calculations for Filter Design of Channels



Seement -

D5s Riprap - x
D15 RipRap : y

0+00 - 7+28

(ft)
1.04

0.31

Deer Creek Channel

Rin-Rap Gradation

(mm)

3r7.2

95.16

D56 Filter : a

D15 Filter - b

Ds5 Filter : c

Criteria

t) Dso RipRap/Dro Filter .40

2) Dr5 RipRapDrs Filter:5
D15 RipRaplDrs Filter . 40

3) D15 RipRapDss Filter.5

or

1) x/a < 40

2) ylb> 5

yib < 40

3) ylc< 5

Therefore,
(mm) (ft) (in)

D5s Filter > 7.93 0.03 U2

Dtr Filter < 19.03 0.06 3/4

D15 Filter > 2.38 0.01 U4

Dss Filter > 19.03 0.06 3t4



Dee{ Cregk Channel

Rin-Rap Gradation

7+28 - 8+60

(mm)

173.85

52.r55

(ft)
0.57

0. 17

Segment -

D56 Riprap - x

D15 RipRap : y

Dro Filter : a

D'r Filter : b

Ds5 Filter : c

Therefore,

Criteria

1) Dso RipRap/Dro Filter .40

2) D15 RipRapD,s Filter;5
D15 RipRaplDrs Filter * 40

3) Dr5 RipRapiDss Filter.5

or
1) x/a < 40

2) ytb> 5

yib < 40
3) ylc< 5

(mm) (ft) (in)
Drs Filter > 4.35 0.01 t/4
D15 Filter < 10.43 0.03 u2
Dtr Filter > 1.30 0.00 1,/4

Ds5 Filter > r 0.43 0.03 U2



Segment -

-D56 Riprap : x

D15 RipRap : y

Drs Filter : a

D'r Filter : b

D*r Filter : c

Rin:Rap Gradation

13+93 - t6+10

(ft) (mm)

0.89 27 t.4s

0.27 81 .43s

Criteria

l) Dso RipRapiDro Filter .40

2) D5 RipRap lDrs Filter ; 5
D15 RipRap/D15 Filter * 40

3) D1, RipRapiDss Filter.5

or
l) x/a < 40

2) yib> 5

y/b < 40
3) v/c< 5

(mm) (ft) (in)
D56 Filter > 6.79 0.02 r/4
D15 Filter < 16.29 0.05 t/2
D,, Filter > 2.04 0.01 t/4
Ds5 Filter > 1,6.29 0.0s U2



I Deer Creek Channg-l

Rip-Rap Gradation

16+10 - 20+72Sesment -

D5s Riprap : x

D15 RipRap - y

Dro Filter : a

D'r Filter = b

Drr Filter : c

(rnm)

353.8

152.134

(ft)
1.16

0.50

Criteria

1) Dso RipRap/D5s Filter * 40

2) D15 RipRapDrs Filter;5
D15 RipRap/Drs Filter .40

3) D15 RipRapDes Filter.5

l) xla<40
2) y/b> 5

y/b < 40
3) vlc< 5

Therefore,
(mm) (ft) (in)

D56 Filter > 8.8s 0.03 r/2
D,, Filter < 30.43 0.10 1.0

D15 Filter > 3.80 0.01 U4

Ds5 Filter > 30.43 0. 10 1.0



Segment -

D5s Riprap - x
D15 RipRap : y

Dro Filter : a

Dtr Filter : b

D6r Filter : c

I)eer Creek Channel

20+72 - 23+34

(ft) (mm)

1.32 402.6

0.40 120.78

Criteria

l) Dso RipRap/D56 Filter * 40

2) D,5 RipRap/Drs Filter :5
D15 RipRapEr5 Filter . 40

3) Dr5 RipRap/Ds, Filter.5

or
l) xla< 40

2) y/b> 5

y/b < 40
3) y/c< 5

D5s Filter >

D15 Filter <

D15 Filter >

D*, Filter >



Dger Creek Channel

Rip-Rap Gradation

23+34 - 25+44Segment -

D5s Riprap - x

D15 RipRap : y

Dr6 Filter : a

Dt5 Filter : b

Dsr Filter : c

(ft)

1.86

0.56

(mm)

567.3

1 70.1 9

Criteria

l) Dso RipRapiDro Filter .40

2) D'5 RipRapErs Filter;5
D15 RipRaplDrs Filter " 40

3) D6 RipRapDss Filter.5

or
1) xia < 40

2) y,r'> 5

y/b < 40
3) v/c< 5

(mm) (ft) (in)
D5s Filter > 14. 18 0.05 r/2
D,5 Filter < 34.04 0.1 1 rU2
D,, Filter > 4.25 0.01 t/4
Dss Filter > 34.04 0.1 1 l, l/2



Segment -

D56 Riprap -- x

D15 RipRap - y

D5s Filter : a

D', Filter : b

Ds, Filter : c

Deer Creek Channel

Rin-Rap Gradation

25+44 - 32+00

(ft) (mm)

0.65 198.25

0.20 s9.47 5

Criteria
1) Dso RipRapiDro Filter.40
2) D* RipRap/D,, Filter:5

D, 5 RipRap/D,5 Filter . 40

3) D15 RipRapiDs, Filter. 5

or
1) xla< 40

2) yib> 5

y/b < 40
3) vlc< 5

(mm) (ft) (in)
Dr6 Filter > 4.96 0.02 l,/4

D15 Filter < 1 1.90 0.04 t/2
D15 Filter > 1.49 0.00 U4
D*r Filter > 1 1.90 0.04 r/2



Deer Canvon Channel

Rip-Rap. GradatioJq

0+00 - 2+43

(ft) (mm)

l.I2 34L6
0.34 102.48

1) Dso RipRapiDro Filrer .40

2) D,5 RipRapD,, Filter;5
D15 RipRaplD,5 Filter . 40

3) D15 RipRap/Das Filter. 5

or
1) x/a < 40

2) y/h> 5

ylb < 40
3) ylc< 5

Drq Filter

D,, Filter

Dr5 Filter

-a
-b
-c

D56 Filter >

D15 Filter <

D1, Filter >

Ds5 Filter >



Segment -

-D5s Riprap - x
D15 RipRap : y

4+00 - 6+48

(ft)
1.05

0.32

(mm)

320.2s

96.07s

Dro Filter : a

Dtr Filter : b

Dr5 Filter : c

Therefore,

Criteria

1) Dso RipRapiDro Filter .40

2) Dr5 RipRapDrs Filter;5
D15 RipRapDr5 Filter * 40

3) D,, RipRapiDas Filter.5

or
1) xla< 40

2) ytb> 5

ylb < 40
3) ylc< 5

(mm) (ft) (in)
D5s Filter > 8.01 0.03 r/2
D,, Filter < 19.22 0.06 3/4
D,, Filter > 2.40 0.01 t/4
Dss Filter > 19.22 0.06 3/4



Segment -

D56 Riprap : x

D15 RipRap - y

Dro Filter - a

D', Filter : b

D*r Filter - c

Therefore,

Elk Canvqn Channel

Rin-Ran Gradation

6+49 - g+63

(mm)

399.55

119.865

(ft)
1.31

0.39

Criteri-a

1) Dso RipRapiDro Filter.40
2) D,5 RipRaplDrs Filter;5

D15 RipRap/D15 Filter * 40

3) D15 RipRap/Drs Filter. 5

or
l) xla < 40

2) yfr> 5

y/b < 40
3) vlc< 5

(mm) (ft) (in)
D56 Filter > 9.99 0.03 U2

D15 Filter < 23.97 0.08 I
D'r Filter > 3.00 0.01 r/4
Ds5 Filter > 23.97 0.08 I


